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Chapter 1 

Clinicians are expected to make a timely diagnosis, and to favourably influence their patients' course with 

appropriate treatment or, alternatively, withholding unnecessary treatment. A wrong diagnosis can harm 

patients either by exposing them to inappropriate therapy or denying them useful treatment, while correct 

diagnosis may allow timely use of effective treatment. 

The methodological concept behind the bulk of diagnostic research reaches back to the late nineteen-fifties 

when a mathematician and a radiologist published an analysis about "the complicated reasoning processes 

inherited in medical diagnosis" . This paper was perhaps most influential in establishing the prestige of 

assessing the accuracy of a diagnostic test. In principle this paper postulated that the parameters sensitivity 

and specificity must be viewed as characteristic properties of the diagnostic procedure. Once they are 

known, one only needs an estimate or an educated guess of the prevalence of the disease to calculate the 

predictive values of Bayes theorem. If more tests are available, the predictive value of a sequence of test 

results can be computed under the assumption of conditional independence, sometimes referred to as 

"Idiot's Bayes". This paradigm, yet statistically unsound, was so attractive that it became one of the basic 

concepts of medical decision-making and clinical epidemiology2. 

To assist clinicians in deriving posttest probabilities Fagan 3 published a nomogram that allows the 

estimation of a disease probability using the pretest probability of disease and the test accuracy. This 

nomogram, has become an essential tool for evidence-based diagnosis, printed on coloured cards and 

disseminated through EBM textbooks 4. 

Starting in the late seventies, alternative concepts of diagnostic research with roots in statistics have been 

proposed " . Only recently these ideas have been discussed again more seriously in the medico-scientific 

community . In principle, this alternative viewpoint starts from the observation, that in clinical practice 

diagnosis is a process that integrates the information of a set of patient information, signs, symptoms 

clinical examination and other tests. Secondly, it takes into account that in clinical practice the health care 

provider is not interested in the likelihood of a positive test result (as it is provided in test accuracy 

research) but in the probability of disease of his patient. It was proposed that diagnostic research should 

also evaluate which set and sequence of diagnostic indicators is most efficient to estimate the probability 

of disease. 

Evidence-based diagnosis 

Central to the idea of evidence-based medicine is the identification of medical information for clinical 

practice. The systematic identification and summarisation of the available evidence have become a central 

element of research and informed decision-making in medicine. Historically, evidence-based medicine has 

focused on the summarisation of the evidence of therapeutic studies. Only recently, it has been recognised, 

that informed decision-making also clearly includes evidence-based diagnosis. The identification of 

diagnostic studies in biomedical databases is seen as the starting point of the summarisation process of a 

systematic review. Compared to literature retrieval of therapeutic trials, identification of diagnostic studies 
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Introduction 

is still recognised to be more difficult. The key argument raised here is the inconsistent indexing of 

diagnostic studies in biomedical databases. Several search filters have been published to assist clinicians 

or reviewers in their search activities/searches. All filters however still struggle with a low retrieval 

precision if retrieval sensitivity is to be high. Comprehensive searches therefore usually identify many 

irrelevant studies that researchers then have to screen in order to exclude them. 

As outlined above, the vast majority of diagnostic studies assess the accuracy or characteristics of a test. 

Generally, study-level diagnostic systematic reviews therefore aim to summarise the available evidence on 

a single test in the diagnosis of a particular target disease. The research question usually contains as 

components the characteristics of the population under study, the test of interest and the definite diagnosis 

of the condition or disease. Results of such systematic reviews are presented as pooled sensitivities, 

specificities, predictive values, likelihood ratios or summary ROC curves. 

In the light of the viable concerns raised both by statisticians and cognitive psychologists that test 

accuracy measures are prone to biases and are of limited use in clinical practice, it has been proposed that 

results of diagnostic accuracy reviews should be linked to results of therapeutic interventions. 

Consequently, the usefulness of a diagnostic test would be expressed as the comparison of the value of an 

efficacy measure, such as the number needed to treat, given a positive test result and the value of that 

measure if no testing is performed. These measures however are rarely seen in the literature. 

Probability analysis 

Thinking of diagnosis as the process of disease probability estimations using a sequence of tests, clinicians 

should have access to diagnostic measures of all tests applied in the diagnostic sequence. A well-

formulated diagnostic research question could read something like this. Given a diagnostic suspicion that 

disease X may underlie this patient's complaints, which tests should I order to raise or lower my suspicion 

such that my treatment decision(s) would be different from the scenario in which I can order no test, and 

in which order should I apply the tests, if more than one were indicated. 

Diagnostic research studies that could provide the answers to questions of the above type would perform, 

in each patient, all tests that are currently available for the diagnosis of X or a relevant subset thereof 

including demographics and other information of the clinical history. The (multivariable) analysis of this 

study would take into account redundancy of information between all the tests of the sequence. In 

addition, it would sort out the optimal sequence in which (some of) the more advanced tests should be 

ordered for patients with different profiles on the easily obtainable information from demographics, 

patient history, and, perhaps, physical examination. The results of such an analysis would be 

communicated to physicians as simple post-test-sequence probabilities of disease presence for specific 

patient profiles. For example, women above a certain age and with a specific ethnic background may need 

a different set of tests to establish a final diagnosis than other women. Or, they may be more (cost-) 

efficiently categorised by using a different order of testing. 
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There is currently a dearth of such studies. This is possibly due to several factors. Firstly, these studies 

tend to be more expensive than test accuracy studies because all tests of the sequence have to be applied in 

all patients entering the study. In addition, dependent on the prevalence of the disease, these studies need 

to have a larger number of patients to derive valid and precise probability estimations. Usually these 

studies tend to conclude that further research on larger patient samples is required to make reliable 

inferences for practice. 

Outline of the Thesis 

This thesis contains examples of original research around all the issues of diagnostic research, which were 

addressed above. Chapter two and three consist of two studies that describe the construction of two 

methodological search filters to identify diagnostic studies in the two most frequently searched biomedical 

databases (Medline, Embase). Chapter four and five give two examples of systematic reviews of test 

accuracy studies. One review deals with a test used in diagnosis or screening (cervicovaginal fetal 

fibronectin to predict preterm birth) and the other summarises the evidence on the Ottawa ankle rule, a 

clinical decision aid or triage test invented to reduce the number of unnecessary radiographics in patients 

with ankle sprains. Both reviews aim to apply recent methodological propositions in the conduct of 

systematic reviews. Chapter six highlights the difficulties of understanding of test accuracy measures in 

clinical practice and discusses possible improvements. Chapter seven and eight, finally, present two 

examples of multivariate probability analysis. Chapter nine discusses the presented studies and reflects 

on possible future developments of diagnostic research. 
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Chapter 2 

Abstract 

Objectives: The search filters in PubMed have become a cornerstone in information retrieval in evidence-

based practice. However, the filter for diagnostic studies is not fully satisfactory, because sensitive searches 

have low precision. The objective of this study was to construct and validate better search strategies to 

identify diagnostic articles recorded on MEDLINE with special emphasis on precision. 

Design: A comparative, retrospective analysis was conducted. Four medical journals were hand-searched for 

diagnostic studies published in 1989 and 1994. Four other journals were hand-searched for 1999. The three 

sets of studies identified were used as gold standards. A new search strategy was constructed and tested using 

the 1989-subset of studies and validated in both the 1994 and 1999 subsets. We identified candidate text 

words for search strategies using a word frequency analysis of their abstracts. According to the frequency of 

identified terms, searches were run for each term independently. The sensitivity, precision and Number 

Needed to Read (1/precision) of every candidate term were calculated. Terms with the highest sensitivity x 

precision product were used as free text terms in combination with the MeSH term "SENSITIVITY AND 

SPECIFICITY" using the Boolean operator "OR". In the 1994 and 1999 subsets, we performed head-to-head 

comparisons of the currently available PubMed filter with the one we developed. 

Measurements: The sensitivity, precision and the Number Needed to Read (1/precision) were measured for 

different search filters. 

Results: The most frequently occurring three truncated terms (diagnos*; predict* and accura*) in combination 

with the MeSH term "SENSITIVITY AND SPECIFICITY" produced a sensitivity of 98.1 percent (95% 

confidence interval 89.9 to 99.9 %) and a Number Needed to Read of 8.3 (95% confidence interval 6.7 to 11.3 

%). In direct comparisons of the new filter with the currently available one in PubMed using the 1994 and 

1999-subsets the new filter achieved better precision (12.0% versus 8.2% in 1994 and 5.0% versus 4.3% in 

1999. The 95% confidence intervals for the differences are from 0.05% to 7.5% (p=0.041) and -1.0% to 2.3% 

(p=0.45), respectively). The new filter achieved better sensitivities than the currently available one in both 

subsets, namely 98.1 and 95.1% (p=0.32) versus 96.2 and 88.5% (p=0.125). 

Conclusions: The quoted performance of the currently available filter for diagnostic studies in PubMed may 

be overstated. It appears that even single external validation may lead to over optimistic views of a filter's 

performance. Precision appears to be more unstable than sensitivity. In terms of sensitivity, our filter for 

diagnostic studies performed slightly better than the currently available one and it performed better with 

regards to precision in the 1994 subset. Additional research is required to determine if these improvements are 

beneficial to searches in practice. 
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Introduction 

Biomedical databases are important sources of evidence in medical practice. However, information retrieval in 

such databases can become very time consuming because searches that are likely to identify all relevant 

information also find many irrelevant articles. 

In recent years researchers have adopted various approaches in the development of search strategies to 

selectively retrieve different types of studies (therapy, prognosis, diagnosis and etiology) and different study 

designs ". Search strategies targeted at diagnostic studies have also been developed l,3_4. The most commonly 

used filter for diagnostic studies is almost certainly the one now publicly available in PubMed (Clinical 

Queries) . It is based on the work of Haynes and co-workers '. Their search filter with emphasis on sensitivity 

achieved a cross-validated mean sensitivity of approximately 87 percent combined with a (non-cross-

validated) mean precision of approximately 8 percent. 

Compared to the filter for therapeutic studies the diagnostic filter's precision in particular is much lower. The 

main reason for this difference may be the inconsistent terminology used in diagnostic studies making them 

difficult to index and retrieve in electronic databases. 

In view of this high false-positive rate, we wondered if it would be possible to develop a more precise search 

strategy for selecting publications on diagnostic test evaluations without losing sensitivity. Our objective was 

to develop, test and validate a generic search strategy for the detection of diagnostic articles recorded on 

MEDLINE that can be applied in any diagnostic field in Medicine. 

Methods 

Two investigators (RC, LMB) independently hand-searched all issues published in 1989 and 1994 of the 

European Journal of Paediatrics, Gastroenterology, American Journal of Obstetrics and Gynecology, and 

Thorax. The journals used in this study are indexed cover to cover in MEDLINE. In order to obtain another 

validation set consisting not only of different years but also of different journals all issues published in 1999 

of the New England Journal of Medicine, JAMA, BMJ, and The Lancet were also similarly hand-searched. 

Diagnostic studies were defined as: "Content pertained directly to the evaluation of a disease process, usually 

through comparing methods of arriving at a diagnosis" '. A test was defined as any procedure used to change 

the estimate of the likelihood of disease presence. This includes (components of) history taking and physical 

examination, and more technically advanced tests. Discrepancies between the two investigators were 

discussed and resolved by consensus. Only references of the diagnostic studies identified were stored in a 

Reference Manager® file 6 and constituted our gold standard. 

The gold standard references were identified in MEDLINE (Datastar * Version) using the accession number, 

which is a unique identifier for a specific record. A strategy combining all accession numbers using the 

Boolean connector "OR" was saved. Thus, a search in MEDLINE would uniquely identify the gold standard 
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references. To construct the search filter the number of references in MEDLINE was reduced to the subset of 

all references (1729) that were published in the four chosen journals in 1989. To validate the filter, MEDLINE 

references were reduced to the subset of all references (1797) that were published in the four journals in 1994. 

This approach was chosen to simulate a "universe" of searchable articles. To validate the filter under still 

stricter conditions it was tested in the 1999-subset, which consisted of different journals. 

Selection of free text terms 

We applied the method of Boynton and co-workers 7, that is, we selected potentially useful text words through 

a word frequency analysis. We performed the frequency analysis of the occurrence of each word in each 

record of the 1989-gold standard using the Listindex® function of the Idealist® bibliographic software package 
8. Thus, we determined the frequency of all the words in the titles, abstracts and subject indexes. 

The list was transferred to an Excel (MS Office 2000® Redmond, Washington 98052, USA) file. To 

specifically select terms semantically associated with diagnosis two investigators (PE and LMB) excluded 

numbers, single letters, author names and institutions, register numbers and journal names. Terms were 

also excluded if they were general medical language, for example organ names or diseases, population of 

interest or the word "study". We considered that these words would not be helpful in focusing a search on 

diagnostic studies. If the two investigators disagreed on excluding a term, it was included. All included 

expressions were sorted alphabetically. 

When terms differed only in the ending (e.g. diagnosis, diagnose, diagnostic, diagnostics) we decided to use 

the truncated term (e.g. "diagnos*"). With the 20 most prevalent (truncated) terms searches were run using 

each term independently (Table 1). Sensitivity (the number of retrieved gold standard articles as a proportion 

of all gold standard articles), precision (the number of gold standard articles as a proportion of all retrieved 

articles) and Number Needed to Read (NNR = 1/precision) of each text word were then calculated. We coined 

the term NNR in analogy to the Number Needed to Treat (NNT) to describe the number of irrelevant 

references one has to screen to find one of relevance. 

Next, the product of sensitivity and precision was computed for each of the text words as a single measure that 

strikes a balance between sensitivity and precision. 

Construction of the search strategy 

The terms with the highest sensitivity x precision product were combined in a stepwise fashion with the 

exploded MeSH term "SENSITIVITY AND SPECIFICITY" using "OR". The sensitivities and precisions of 
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these cumulative search strategies were then calculated to find the optimal search strategy (highest sensitivity 

in combination with highest precision). 

The term sensitiv* ranked thirdly on the list of highest sensitivity x precision products. Since combination of 

this term with the MeSH term "SENSITIVITY AND SPECIFICITY" would have only contributed to an 

increase of sensitivity at the cost of precision, we also ran a search dropping this term but adding the next term 

(accura*) on the list. 

Validating the search strategy 

The search strategy with the highest sensitivity combined with the highest precision based on the set of 1989-

gold-standard articles was retested on the sets of 1994 and 1999-gold-standard articles. 

We ran the search filter of Haynes et al. ' in the 1994 and 1999-sets to directly compare its performance with 

the new filter. 

Statistical Analysis 

All calculations were performed with Stata software package (version 7.0, StataCorp. 1999. Stata Statistical 

Software: Release 7.0 College Station, Texas, USA). Ninety-five percent confidence intervals around single 

proportions were calculated using exact methods (Stata command: cii). Sensitivities were compared using 

McNemar's test using exact calculations for the p-values (Stata command: mcci). Precisions were compared 

using chi-squared tests for independent proportions using large-sample statistics (Stata command: prtesti). 

Results 

Eighty-three, 53 and 61 articles (gold standard) on diagnostics were identified out of 1729, 1797, and 7936 

references (in the four journals) in 1989, 1994, and 1999 respectively. The 20 truncated terms with the highest 

frequency according to the Listindex function (Idealist®)8 are listed in table 1. 

The calculation of the sensitivity x precision products led to a new order of terms. The consecutive connection 

of these terms with the Boolean operator "OR" produced the final set of search strategies. Their performance 

is shown in table 2. 

The search strategy "SENSITIVITY AND SPECIFICITY"* OR predict* OR diagnos* OR sensitiv* resulted 

in a sensitivity of 92.8 percent (95% confidence interval 84.9 to 97.3) and a NNR of 6.4 (95% CI 5.2 to 8.0). 

That is, approximately 6 articles have to be read to identify one on diagnostics. The search strategy 

SENSITIVITY AND SPECIFICITY"* OR predict* OR diagnos* OR accura*, that ignored the truncated free 

text term "sensitiv" resulted in a sensitivity of 95.2 percent (95% confidence interval 88.1 to 98.7) and a NNR 

19 



Chapter 2 _ 

of 5.9 (95% CI 4.8 to 7.3). Based on its better performance we decided to validate the latter strategy in the 

1994 and 1999-gold-standard sets. 

Table 1: List of 20 (truncated) terms with corresponding sensitivities, precisions and the sensitivity x precision products 

when searched as a single term 

Term (truncated) 

predict* 

diagnos* 

sensitiv* 

accura* 

screen* 

specific* 

test* 

detect* 

positiv* 

negativ* 

evaluat* 

analy* 

risk* 

assess* 

scor* 

assay* 

differen* 

measure* 

examin* 

determ* 

Sensitivity (%) 

48.2 

80.7 

36.1 

24.1 

19.3 

35 

49.4 

32.5 

28.9 

20.5 

27.7 

38.6 

22.9 

24.1 

13.3 

13.3 

28.9 

25.3 

20.5 

22.9 

Precision (%) 

36.4 

16.8 

33 

46.5 

39 

19.9 

13.7 

18.1 

20.2 

20 

11.6 

7.7 

12.8 

11.6 

17.2 

16.7 

7.5 

7.6 

8.4 

7.4 

Product (ranking) 

1754.48 (1) 

1355.76 

1191.3 

1120.65 

752.7 

696.5 

676.78 

588.25 

583.78 

410 

321.32 

297.22 

293.12 

279.56 

228.76 

222.11 

216.75 

192.28 

172.2 

169.46 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 
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Table 2: Development of 2 search strategies with stepwise adding of terms: Terms were ranked according to their 

sensitivity x precision product. The Number Needed to Read figure shows how many articles have to be read to identify 

one diagnostic study and is equivalent to 1/precision. 

Search Strategy 
Summary Performance 

Sensitivity (%) 
Summary Performance 

Precision (%) 
Number Needed to 

Read (NNR) 
1989 test set (n= 1729) 
"SENSITIVITY AND SPECIFICITY"* 
OR predict* OR diagnos* OR sensitiv* 
"SENSITIVITY AND SPECIFICITY"* 
OR predict* OR diagnos* OR accura* 

1994 validation set (n=1797) 
"SENSITIVITY AND SPECIFICITY"* 
OR predict* OR diagnos* OR sensitiv* 
"SENSITIVITY AND SPECIFICITY"* 
OR predict* OR diagnos* OR accura* 

1999 validation set (n=7936) 
"SENSITIVITY AND SPECIFICITY"* 
OR predict* OR diagnos* OR sensitiv* 
"SENSITIVITY AND SPECIFICITY"* 
OR predict* OR diagnos* OR accura* 

92.8 

95.2 

98.1 

98.1 

91.8 

95.1 

15.6 

16.9 

10.9 

12 

4.7 

5.0 

6.4 

5.9 

9.2 

8.3 

21.3 

20.0 

Validation 

In the 1994-subset, the new filter achieved a sensitivity of 98.1 percent (95% confidence interval 89.9 to 

99.9), a precision of 12 percent (95% confidence interval 9.1 to 15.4) and a NNR of 8.3 (95% confidence 

interval 6.7 to 11.3). The performance of the strategy "SENSITIVITY AND SPECIFICITY"* OR predict* 

OR diagnos* OR sensitiv* was slightly worse for precision (10.9 percent) and identical for sensitivity (98.1 

percent). In the 1999-subset, which consisted of four other journals, the new filter retained its high sensitivity 

(95.1%), but precision was worse (5.0%). Table 3 provides the details for implementation of the search 

strategies in four commonly used MEDLINE interfaces. 
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Table 3: Description of Search Strategy Syntax for four commonly used interfaces 

MEDLINE Interface Search Syntax 

Datastar sensitivity-and-specificity# predicts diagnos$5 accuraS 

Ovid exp sensitivity-and-specificity or predicts or diagnosS or di.fs. or du.fs. or accuraS 

PubMed "Sensitivity and Specificity"[MESH] OR predict* OR diagnose* OR diagnosi* OR 
diagnost* OR accura* 

Silverplatter exp sensitivity-and-specificity or predict* or diagnos*or accura* 

Comparison with the currently available filter 

The currently available 'optimal-sensitivity filter' has a quoted sensitivity of 92%. However, its true value 

may actually be 86%, since this was the figure found when this filter, which was derived in a 1991 data set, 

was run in the independent data set of 1986. We calculated its 95% confidence interval based on the data in 

Table 5 of Haynes et al.'s original paper. It runs from 77.0 to 92.3%. Haynes filter's precision is quoted as 

9%, but this figure has not been reproduced in an independent data set. We judged it safer to use the mean of 

the values found in the 1986 and 1991 data sets, which is 8%. Data to calculate confidence intervals are not in 

the original paper. 

In a direct comparison of our filter with the currently available one in PubMed using the 1994-subset, the 

former achieved better precision (12.0% versus 8.2%; 95% CI of the difference from 0.05% to 7.5%, 

p=0.041), although the sensitivities were almost identical, 98.1% and 96.2% for the new versus the current 

one, respectively. In a second direct comparison in which the new filter was tested under conditions that may 

theoretically have been more difficult (using other journals), it tended to outperform the currently available 

filter on sensitivity and precision although the differences were not statistically significant. For the new filter, 

sensitivity was 95.1% against 88.5% for the current one; the difference was 6.6% (95% CI from -12.9 to 

14.4%). For the new filter, precision was 5.0% against 4.3%; the difference was 0.7% (95%CI from -1.0% to 

2.3% %) 
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Discussion 

In the table for clinical queries using research methodology filters in PubMed one finds a summary of the 

characteristics of the PubMed filter for diagnostic studies. Using the sensitive filter we may expect to find 

between 77 and 92% of all relevant material recorded on MEDLINE at a price of having to sift through 

approximately 12.5 titles and/or abstracts to find one that refers to an article on diagnosis.8 This 12.5 does not 

seem too bad until one realizes that one deals with around 625 abstracts when 50 relevant articles are found in 

MEDLINE. Clinical end users could rely on the filter with high specificity and win valuable time by reducing 

the number needed to read figure of 12.5 to 2.5. However, the price that must be paid is that almost one out of 

every two relevant articles will be missed (sensitivity of 55%). Since we know from systematic reviews that in 

diagnostic research in particular there is usually great variability in study outcomes, taking the high-specificity 

approach can be risky. To our knowledge there are currently no data that show that the articles one does find 

are a random selection of the available ones. This implies that a biased picture based on only half of the 

evidence cannot be excluded. For this reason, we do not recommend clinicians to rely on the high-specificity 

filter in PubMed. We found it hard to identify any group of users that may be content with a precise search 

that lacks good sensitivity. § 

Among systematic reviewers there is generally consensus about the need for a sensitive search strategy. But 

even in reviews precision is still very valuable since large numbers of retrieved references cannot usually be 

avoided with the possibility that tiredness or boredom will influence a reviewer's accuracy of study selection. 

In fact, the gold standard is based on hand-searches and complete articles, whereas until now the filters are 

assessed on their ability to identify the abstracts. Theoretically, retrieving the abstract is not a guarantee for its 

corresponding full article to be ordered, since this depends on the reviewer's vigilance and judgment while 

sifting through the abstracts. 

Surprisingly, the term that performed best in our search (predict*) was not evaluated as a text word by Haynes 

et al . ' to build the sensitive diagnostic filter. In contrast to that study we included commentaries, 

correspondences and editorials if they provided information on diagnostic tests in order to obtain valid 

estimates of precision. This implies that the precisions reported by Haynes et al. are likely to be somewhat 

overestimated. 

In theory, four factors may influence a filter's reproducibility in another setting. First, the selection of journals, 

second, over time the way in which abstracts are written may change (see, for example the STARD 

initiative9). Third, over time editorial processing may change leading to different wording in abstracts, finally, 

there may be variation in (the meticulousness of) indexing quality in MEDLINE. Therefore, validation of any 

§ Table 6 in the paper by Haynes et al. ' clearly states that the sensitivity of their optimal-sensitivity filter derived in the 1986-set was 86% on cross-
validation in the 1991-set. Its 95% confidence interval may be estimated as spanning from 0.77 to 0.92 using data from their table 5. The sensitivity of 
the filter derived in the 1991 -set was 88% when cross-validated in the 1986-set. However, PubMed uses the first filter. The figures on precision 
reported by Haynes et al. appear not to have been cross-validated in another calendar year. Therefore, we took the average value of the 9% and 7% that 
were reported for the 1991 and 1986 sets, respectively. 
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filter may range from split-sample techniques within the same (split) universe of articles to testing in other 

years of the same journals to other journals in other years. We found that sensitivity of our filter was stable 

around values of 95.2 to 98.1 to 96.1% in the 1989, 1994 and 1999-subsets, whereas precision tended to be 

unstable ranging from 16.9 to 12.0 to 5%. In the 1994 and 1999-subsets, the currently available PubMed filter 

achieved values near its cross-validated sensitivity of 86%, namely, 96.2 and 88.5% respectively. Its precision 

also suffered from circumstances in which the prevalence of diagnostic studies was low (the 1999-subset had 

a prevalence of 61/7936=0.77%) yielding values of 8.2 and 4.3%, respectively. This may imply that these 

filters (as a diagnostic test in patients) need more extensive validation in order to characterize them better. 

Further research should evaluate the real-world impact of the differences between our filter and the one 

currently implemented in PubMed in terms of time investments (cost) and consequences (missing useful 

papers and screening too many irrelevant ones) for clinicians and systematic reviewers alike l0. In analogy to 

assessment of the impact of language restrictions on summary measures in systematic reviews ", the 

consequences of different filters or search strategies on the eventual summary measures and conclusions of 

diagnostic reviews could be evaluated. 

Conclusion 

The free text terms identified using word frequency analysis allowed us to build and validate an alternative 

search filter for the detection of diagnostic studies in MEDLINE that appears to have better precision than the 

one currently available in PubMed while at least maintaining the latter's high sensitivity. 
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Abstract 

Objective: To develop and test search strategies to identify diagnostic articles recorded on EMBASE. 

Methods: Four general medical journals were hand-searched for diagnostic accuracy studies published in 

1999. Studies identified served as a goldstandard. Candidate terras for search strategies were identified 

using a word frequency analysis of their abstracts. According to the frequency of identified terms, 

searches were run for each term independently. Sensitivity, precision and Number Needed to Read (NNR) 

(1 /precision) of every candidate term were calculated. Terms with the highest sensitivity *precision 

product were used as free text terms and combined into a final strategy using the Boolean operator "or". 

Results: The most frequently occurring eight terms (sensitiv* or detect* or accura* or specific* or reliab* 

or positive or negative or diagnos*) produced a sensitivity of 100 percent (95% confidence interval 94.1 to 

100 %) and a NNR of 27 (95% CI 21.0 to 34.8). The combination of the two truncated terms sensitiv* or 

detect* gave a sensitivity of 73.8 percent (95% CI 60.9 to 84.2%) and a NNR of 5.7 (95% CI 4.4 to 7.6). 

Conclusions: The identified search terms offer the choice of either reasonably sensitive or precise search 

strategies for the detection of diagnostic accuracy studies in EMBASE. This is useful both for busy health 

care professionals who value precision and for reviewers who value sensitivity. 
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Introduction 

When producing systematic reviews researchers should try to identify as much empirical evidence as 

possible to inform the review question. Usually, the major biomedical databases such as MEDLINE and 

EMBASE are the starting points when trying to identify this evidence. However, information retrieval in 

such databases can become very time consuming because searches usually identify many irrelevant 

articles (low retrieval precision). In recent years researchers have adopted various approaches to the 

development of search strategies to identify different types of study (therapy, prognosis, diagnosis and 

etiology) and different study designs '"5. Search strategies to identify diagnostic studies have also been 

developed " . 

For example, in 1994 Haynes and co-workers published a MEDLINE search filter for diagnosis ', which is 

now publicly available in PubMed (Clinical Queries)10. However, differences in indexing hamper the 

straightforward use of this filter in EMBASE " .For example, the suggested MEDLINE MeSH term 

"Sensitivity and Specificity" was only entered into EMBASE EMTREE thesaurus in 2001. Alternatively, 

EMTREE provides the controlled vocabulary term "diagnostic accuracy". We developed and test search 

strategies to identify diagnostic articles recorded on EMBASE. 

Methods 

One reviewer (CK) hand-searched all issues published in 1999 of the New England Journal of Medicine, 

The Lancet, Journal of the American Medical Association (JAMA), and British Medical Journal (BMJ). 

The journals used in this study are indexed cover to cover in EMBASE. An article was deemed to be about 

diagnostic accuracy if at least one test was compared with a reference standard. A test was defined as any 

procedure used to change the estimate of the likelihood of disease presence. This includes history taking, 

physical exam and more advanced tests. All references of diagnostic studies identified (gold standard) 

were stored in a Reference Manager® file '2. Articles that were not diagnostic studies were excluded. 

The result of the hand search was assumed to be perfect and reflects the true number of diagnostic 

accuracy studies in our total set or universe. The challenge for any automated search is to find all the 

references to accuracy studies (100% sensitivity) and at the same time not to find references to any other 

studies (100% specificity). 

To assess the reproducibility of the hand-search a second reviewer (LMB), in each journal, independently 

duplicated the hand-search in a randomly selected 10 percent of all issues. The 10% sample was 

determined by numbering all references within the four journals sequentially and 10% of references were 

then randomly selected using the STATISTIX® software '3. 

The gold standard references were identified in EMBASE (Datastar * Version) using the accession 

number, which is a unique identifier for a specific record. A strategy combining all accession numbers 

using the Boolean connector "or" was saved. Thus, a search in EMBASE would uniquely identify the gold 
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standard references. The number of references in EMBASE was reduced to the subset of all references 

(6143) that were published in the four chosen journals in 1999 to proxy a "universe" of searchable articles. 

Since our primary aim was to define a search strategy using the thesaurus terms on offer, we ran a first 

search with the EMTREE thesaurus term "DIAGNOSTIC ACCURACY". This term was considered as an 

equivalent of the MEDLINE term "SENSITIVITY AND SPECIFICITY" by the authors (PE, LMB). This 

search identified 94 percent of the gold standard studies but was also associated with a low precision of 

4.2 percent. Since further terms added to this EMTREE term would increase the sensitivity but would also 

further decrease precision, this preliminary finding suggested that we explore the effects focusing only on 

text words. 

Realizing that the identification of relevant text words might be subjective and may be associated with 

substantial risk of bias, we decided to apply the method of Boynton and co-workers4 who selected 

potentially useful text words through the process of word frequency analysis. 

We performed the frequency analysis of the occurrence of each word in each reference using the Idealist® 

bibliographic software package 14. The Listlndex* function in the software was used to determine the 

frequency of occurrence of all the words in the titles, abstracts and subject indexing. An example for 

words starting with the letter "d" is provided in table 1. 

The list was transferred to an Excel (MS Office 2000* Redmond, Washington 98052, USA) file. To 

specifically select terms semantically associated with diagnostic accuracy two reviewers (PE and LMB) 

excluded numbers, single letters, author names and institutions, register numbers and journal names. 

Terms were also excluded if they were general medical language, for example organ names or diseases, 

population of interest or the word "study". We considered that these words would not be helpful in 

focusing a search on diagnostic accuracy studies. If the two reviewers disagreed on excluding a term, it 

was included. All included expressions were sorted alphabetically. 
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Table 1: Example of term frequencies for the letter d as provided by the List Index® Function. 

Frequency 

2 
2 
1 
3 

16 
17 

15 

4 
4 
2 
3 

6 

3 
1 
4 
4 

Location in Abstract 

Keyword3 
Abstract 
Keyword3 
Abstract 
Abstract 
Keyword 1 
Keyword3 
Abstract 
Author 
Institution 
Keyword3 
Abstract 
Keyword3 
Abstract 
Author 
Abstract 
Abstract 
Abstract 
Title 
Abstract 
Abstract 
Title 
Keyword3 
Abstract 
Abstract 
Abstract 
Abstract 
Keyword3 
Abstract 
Abstract 
Abstract 
Abstract 
Abstract 
Title 
Keyword3 
Abstract 
Title 
Abstract 
SubjectHeading 
Keyword3 
Abstract 
Keyword3 
Abstract 
Title 
Abstract 
Abstract 
Abstract 
Abstract 
Abstract 
Abstract 
Abstract 
Institution 
Institution 
Institution 
Abstract 
Title 
RegNo 
Keyword3 
Abstract 

Term 

differential 
differential 
differentiation 
difficult 
diffuse 
digene 
dilatation 
dilatation 
dilaveris 
dim 
dimensional 
dimensional 
dimer 
dimer 
dipiro 
direct 
directed 
directive 
directives 
directives 
directly 
disability 
disability 
disability 
discharge 
discomfort 
discrepancy 
discriminant 
discriminant 
discriminate 
discriminated 
discriminating 
discrimination 
disease 
disease 
disease 
diseases 
diseases 
diseases 
dislocation 
dislocation 
disorder 
disorder 
disorders 
disorders 
display 
distinct 
distinguish 
distinguished 
distribution 
disturbance 
div 
division 
dk 
dl 
dna 
dna 
dna 
dna 

Frequency Location in Abstract 

1 Author 
1 Author 
1 Author 
1 Abstract 
1 Abstract 
1 Title 
1 Abstract 
1 Keyword3 
1 Abstract 
1 Institution 
1 Abstract 
1 Title 
1 Keyword3 
1 Title 
2 Keyword3 
2 Abstract 
1 Institution 
1 Author 
2 Keyword3 
1 Abstract 
1 Abstract 
1 Author 
1 Title 
1 Keyword3 
1 Abstract 
1 Institution 
1 Abstract 
1 Author 
1 Abstract 
1 Keyword3 
1 SubjectHeading 
1 Abstract 
1 Abstract 
1 Institution 
1 Author 
1 Keyword3 
1 Abstract 
2 Abstract 
1 Author 
1 Author 
1 Author 
1 Institution 
1 Keyword3 
1 Title 
1 Abstract 
2 Abstract 
I Author 
1 Author 
1 Title 
8 Abstract 
1 Abstract 
1 Title 
2 Abstract 
1 Keyword3 
2 Abstract 
1 Keyword3 
1 Abstract 
1 Keyword3 

1 Term 

dobbins 
doble 
dobs 
doctor 
donation 
donations 
donations 
donor 
donor 
donor 
donors 
doping 
doping 
doppler 
doppler 
doppler 
dor 
dore 
dose 
dose 
double 
douglas 
down 
down 
down 
dr 
drawn 
drewe 
dried 
drug 
drug 
drugs 
dtp 
du 
duarte 
duct 
ductal 
due 
duffy 
duggan 
dunn 
dunstans 
dura 
dural 
dural 
duration 
durfee 
durie 
during 
during 
dvt 
dysfunction 
dysfunction 
dyskaryosis 
dyskaryosis 
dyspepsia 
dyspepsia 
dyspnea 
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If terms differed only in the ending (e.g. diagnosis, diagnose, diagnostic, diagnostics) we decided to use 

the truncated term (e.g. "diagnos*"). According to the frequency of the identified most frequent 

(truncated) terms, 23 searches were run for each term independently (Table 2). 

Table 2: List of 23 (truncated) terms with corresponding sensitivities and precisions if searched as a single 

term 

Term (truncated) 

diagnos* 

detect* 

test* 

accura* 

control* 

analy* 

sensitiv* 

specific 

measure* 

screen* 

high* 

assess* 

positive 

risk 

interpretation* 

identif* 

normal 

negative 

predict* 

examintion* 

determine 

reliab* 

Sensitivity' (%) 

93.44 

57.38 

52.46 

50.82 

49.18 

47.54 

45.9 

44.26 

42.62 

40.98 

40.98 

39.34 

34.43 

34.43 

31.15 

27.87 

27.87 

26.23 

26.23 

18.03 

18.03 

16.39 

Precision (%) 

4.4 

19.66 

7.8 

21.38 

2.44 

2.85 

27.72 

12.56 

4.18 

8.93 

3.65 

4.17 

13.13 

1.93 

5.94 

6.25 

5.94 

16 

9.52 

8.09 

4.82 

29.41 
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Sensitivity (retrieved articles as a proportion of all gold standard diagnostic articles), precision (gold 

standard diagnostic articles as a proportion of all retrieved articles) and Number Needed to Read (NNR = 

1/precision) of each text word were then calculated. Sensitivity is the number of (electronically) retrieved 

citations as a proportion of the number of truly relevant full papers (or diagnostic accuracy studies in this 

paper). The term is often used in medical research on diagnostic tests where it reflects the proportion of 

persons with a non-normal test result among all patients with some target disease as established by a (gold 

standard) reference test. Precision is the number of relevant full papers as a proportion of the number of 

(electronically) retrieved citations. In a clinical context this quantity is often called "positive predictive 

value", the proportion of persons with the target disease among persons with a non-normal test result. 

In addition, we coined the term NNR in analogy to the Number Needed to Treat (NNT) to describe the 

number of irrelevant references one has to screen to find one of relevance. The NNR refers to the number 

of titles and/or abstracts one needs to read and ponder in order to find in the set of retrieved references a 

reference to another relevant study. 

Next, the product of sensitivity and precision was computed for each of the text words. We decided to 

calculate this figure because we wanted to identify those terms most balanced for sensitivity and precision. 

We thought that only terms contributing both to sensitivity and to precision are useful in building an 

efficient strategy. 

The 10 terms with the highest sensitivity-precision product were combined using "OR" to produce a series 

of search strategies. The sensitivities and precisions of these cumulative search strategies were then 

calculated. 

Results 

The hand searches identified sixty-one articles (gold standard) as citations of a diagnostic accuracy study 

from a pool of 6143 references in the 4 selected journals. We assumed these 61 citations to be the true 

number of diagnostic papers in the set of 6143 references. The 23 truncated terms with the highest 

frequency according to the Listindex function (Idealist8) '4 are listed in table 3. The term 'low' was 

removed because it is part of many author names. 

The calculation of the sensitivity-precision products led to a new order of terms. The consecutive 

connection of these terms with the Boolean operator "OR" produced the final set of search strategies. 

Their performance is shown in table 3. 
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Table 3: Development of 8 search strategies with stepwise adding of terms: Terms were ranked according to their 

sensitivity*precision product. The Number Needed to Read figure shows how many articles have to be read to 

identify one on diagnostic accuracy and is equivalent to 1 /precision. 

Ranking added 
terms Search Strategy 

Summary Performance 
Sensitivity (%) 

Summary Performance Number Needed 
Precision (%) to Read (NNR) 

1 

2 

3 

4 

5 

6 

7 

8 

sensitiv* 

detect* 

accura* 

specific* 

reliab* 

positive 

negative 

diagnos* 

Strategy: sensitiv* 

Strategy: 1 or detect* 

Strategy: 2 or accura* 

Strategy: 3 or specific* 

Strategy: 4 or reliab* 

Strategy: 5 or positive 

Strategy: 6 or negative 

Strategy: 7 or diagnos* 

45.9 

73.7 

85.2 

86.9 

90.2 

91.8 

91.8 

100 

27.7 

17.6 

14.2 

10.4 

10.4 

9.2 

8.5 

3.7 

3.6 

5.7 

7.0 

9.6 

9.6 

10.9 

11.8 

27.0 

After the addition of the term "diagnos*" the sensitivity in our test set reached 100 %. Every additional 

term then only produced a decrease of retrieval precision. The combination of the first six terms resulted 

in a sensitivity of 91.8 percent (95% confidence interval 81.9 to 97.3%) and a NNR of 10.9 (95% CI 8.5 to 

14.3). That is, almost eleven articles have to be read to identify one on diagnostic accuracy. This seems to 

be a good compromise strategy with a high sensitivity and a reasonable precision. 

By adding the two terms "negative" and the truncated expression "diagnos*" to search strategy 6 

sensitivity reaches 100 percent (95% confidence interval 94.1 to 100%) and a NNR of 27 (95% CI 21.0 to 

34.8). This strategy could be appropriate for systematic reviews. 

The combination of the two truncated terms sensitiv* or detect* resulted in a sensitivity of 73.8 percent 

(95% CI 60.9 to 84.2%) and a NNR of 5.7 (95% CI 4.4 to 7.6). This latter strategy might often be useful 

for busy clinicians, who may be interested in achieving reasonable sensitivity while avoiding sifting 

through hundreds of papers. 

Table 4 provides the detailed search strategies for three commonly used EMBASE interfaces for a 

reasonably precise and a comprehensive search strategy. 
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Table 4: Description of Search Strategy Syntax for three commonly used interfaces 

EMBASE Interface Search Syntax 

Specific Search Comprehensive Search 

Datastar sensitivS detects sensitivS detects accuraS specifics reliabS postitive negative 
diagnosS 

Ovid sensitivS or detects sensitivS or detects or accuraS or specifics or reliabS or 
postitive or negative or diagnosS or di.fs. 

Silverplatter sensitiv* or detect* sensitiv* or detect* or accura* or specific* reliab* or postitive 
or negative or diagnos* 

Discussion 

In contrast to Haynes and co-workers ' we included diagnostic articles published in the comment, 

correspondence and editorial sections to increase the likelihood of estimating precision correctly. 

Additionally we focused on the most relevant indices, that is sensitivity and precision, ignoring the less 

useful parameters of specificity and accuracy. In contrast to Haynes et a l . ' we did not find any advantage 

of combining EMTREE-terms with text words. 

For example, a search with the EMTREE term "DIAGNOSIS # (explode)" achieved 93.7 percent 

sensitivity and 4.0 percent precision. (Number Needed to Read =25). The addition of text words with the 

Boolean operator "or" would increase the sensitivity but at the cost of worse precision. In our search 

strategy however, searches with sensitivities of about 90 percent were associated with precisions of about 

10 percent. 

Our prior aim was to build useful search strategies for systematic reviews requiring very high sensitivity. 

The precision of search strategies, however, is important for busy health professionals but cannot be fully 

neglected in systematic reviews either. Search strategies should be evaluated in a context of time 

investments (cost) and consequences (of missing useful papers)3. In analogy to assessment of the impact 

of language restrictions on summary measures in systematic reviews15, the impact of using search 

strategies with lower sensitivity and higher precision on the summary measures in diagnostic reviews 

could be evaluated. Finally, this method could be applied to build optimal search strategies to detect 

diagnostic accuracy research for MEDLINE. 

In our study we hand-searched four important general medical journals for the year 1999 to find diagnostic 

studies. The restriction to 4 important general medical journals might limit the generalizability of the 

search strategy. The restriction to 1999 only is reflected in the width of the confidence intervals for 

sensitivity. We did not measure the test retest reliability of our final strategies. Independent re-assessment 

of the search performances in another set of gold standard articles would be useful. 
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Some terms such as "low" had to be removed from further analysis. Had we been able to analyze 

frequencies not by words, but by phrase, we would have been able to identify the proportion of those 

terms that were used in the diagnostic context (e.g. low accuracy). Including those terms could have been 

potentially relevant for the filter. 

Conclusion 

The identified search terms allow one to choose either reasonably sensitive or reasonably precise search 

strategies for the detection of diagnostic accuracy studies in EMBASE. This is useful both for busy health 

care professionals who value precision and for reviewers who value sensitivity. In practice, clinicians 

combine the strategies proposed here with terms indicating the specific area of interest, very often a 

particular disease. 
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Chapter 4 

Abstract 

Objective: To determine the accuracy with which cervico-vaginal fetal fibronectin test predicts 

spontaneous preterm birth in asymptomatic and symptomatic pregnant women. 

Design: Systematic quantitative review of test accuracy studies. 

Data Sources: MEDLINE (1966-2000), EMBASE (1980-2000), PASCAL (1973-2001), BIOSIS 

(1969-2001), the Cochrane Library (2000:4), MEDION (1974-2000), National Research Register 

(2000:4), SCISEARCH (1974-2001), Conference Papers (1973-2000), manual searching of 

bibliographies of known primary and review articles, and contact with experts and manufacturer. 

Study Selection and Data Extraction: Two reviewers independently selected and extracted data 

on study characteristics, quality and accuracy. Accuracy data were used to form 2x2 contingency 

tables with spontaneous preterm birth before 34 and 37 weeks' gestation and birth within 7-10 

days of testing (only for symptomatic pregnant women) as reference standards. 

Data Synthesis: Data were pooled to produce summary receiver operating characteristic (ROC) 

curves and summary likelihood ratios for positive (LR+) and negative (LR-) test results. 

Results: There were 64 primary articles consisting of 28 accuracy studies in asymptomatic 

women and 40 accuracy studies in symptomatic women, including a total of 22,390 women. 

Among asymptomatic women, the best summary LR+ was 4.01 (95% confidence interval 2.93 to 

5.49) for predicting birth before 34 weeks' gestation, with corresponding summary LR- of 0.78 

(0.72 to 0.84). Among symptomatic women, the best summary LR+ was 5.42 (4.36 to 6.74) for 

predicting birth within 7-10 days of testing, with corresponding summary LR- of 0.25 (0.20 to 

0.31). 

Conclusion: Cervico-vaginal fetal fibronectin test is most accurate in predicting spontaneous 

preterm birth within 7-10 days of testing among women symptomatic of threatened preterm birth 

before advanced cervical dilatation. These results enable clinicians to make a more rational 

approach to decision-making regarding in-patient admission, administration of antenatal steroids 

and in-utero transfer in such a situation. 
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Introduction 

Spontaneous preterm birth occurs in 7-11% of pregnancies before 37 weeks' gestation';2 and in 3-

4% of pregnancies before 34 weeks' gestation.3 Majority of neonatal deaths of normally formed 

infants occurs when they are born before 34 weeks' gestation. Many of the surviving preterm 

infants, especially those from the earlier gestations, suffer serious morbidity such as broncho

pulmonary dysplasia, intraventricular haemorrhage, retrolental fibroplasia, neurodevelopmental 

problems and cognitive difficulties.4^ Advances in perinatal healthcare have not altered the 

incidence of spontaneous preterm birth but effective management to reduce the associated 

complications exists. For example, the landmark Cochrane review6 (which is part of the Cochrane 

logo) showed that the use antenatal steroids significantly reduced morbidity and mortality. Timely 

institution of such therapy in clinical practice depends on accurate prediction of spontaneous 

preterm birth. 

Many tests have been purported to be predictive of spontaneous preterm birth including cervico

vaginal fetal fibronectin testing. Fetal fibronectin is a glycoprotein found in amniotic fluid, 

placental tissue and the extracellular substance of the decidua basalis next to the placental 

intervillous space, and thought to be released into the cervico-vaginal milieu through mechanical 

or inflammatory-mediated damage to the membranes or placenta before birth.7 Swabs taken from 

either the ectocervix or posterior vaginal fornix, using an enzyme-linked immunosorbent assay 

containing FDC-6 monoclonal antibody, to detect fetal fibronectin7 may be used to predict 

spontaneous preterm birth.8 However, in clinical use, factors such as contamination of the sample 

with maternal blood9, sampling within 24 hours following intercourse10 and pre-eclampsia1' may 

reduce test accuracy and give false positives results. 

In asymptomatic pregnant women, if fetal fibronectin could be used to identify a high-risk group, 

antenatal care may be optimised (e.g. by instituting closer antenatal surveillance) with view to see 

the pregnancy past 34 weeks' gestation, which is now an established milestone in perinatal 

outcome.45 On the other hand, if fetal fibronectin could predict imminent spontaneous preterm 

birth among women symptomatic of threatened spontaneous preterm birth, but before advance 

cervical dilatation, antenatal steroids, tocolytics and in-utero transfer (to optimise neonatal care) 

may be used accordingly. Antenatal steroids have maximal effectiveness among spontaneous 

preterm birth within 2-7 days after administration,6 and tocolytics are known to effectively delay 

birth for at least 2 days. Therefore, amongst symptomatic women, the main outcome of interest 
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was in predicting spontaneous preterm birth within 7-10 days of testing because this knowledge is 

likely to influence subsequent management. 

Many primary studies claim that cervico-vaginal fetal fibronectin test is accurate in predicting 

spontaneous preterm birth in a clinical setting. However, these studies have not generally been 

conducted with large enough sample size to provide precise accuracy estimates. In addition, 

existing systematic reviews have been restricted to a few database searches,12"15 their study 

selection has often been limited by language,12;13;15 and they have often ignored study quality 

assessment.'2"14 These factors are known to introduce potential for bias.16 Against this 

background, we conducted a comprehensive and rigorous systematic review to obtain reliable 

estimates of fibronectin test accuracy. Our review focussed on two clinical groups of pregnant 

women, asymptomatic and symptomatic. We defined asymptomatic population as pregnant 

women without uterine tightenings/contractions, and symptomatic population as pregnant women 

with uterine tightenings/contractions and cervical dilatation of less than 2-3 cm. 

Methods 

Our review was carried out with a prospective protocol using widely recommended 

methodology.™8 

Identification of studies 

Our electronic searches targeted all diagnostic procedures among studies on prediction of 

spontaneous preterm birth. Studies were identified from various sources. We searched general 

bibliographic databases: MEDLINE (1966-2000), EMBASE (1980-2000), PASCAL (1973-2001) 

and BIOSIS (1969-2001). We also searched specialist computer databases: the Cochrane Library 

(2000:4), MEDION (1974-2000) (a database of diagnostic test reviews set up by Dutch and 

Belgian researchers), National Research Register (2000:4), SCISEARCH (1974-2001) and 

Conference Papers (1973-2000). The electronic search strategy used to develop the database is 

described in detail elsewhere.19 For completeness, we contacted individual experts with an 

interest in this field and the manufacturer of fetal fibronectin test to uncover grey literature. We 

also checked reference lists of known reviews and primary articles to identify cited articles not 

captured by electronic searches. 
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Study selection and data extraction procedures 

The study selection criteria were i) asymptomatic or symptomatic population of pregnant women, 

ii) cervico-vaginal fetal fibronectin testing before 37 weeks' gestation, iii) known gestation at 

spontaneous birth, and iv) observational cohort design. Studies were selected in a two-stage 

process. First, the electronic searches were scrutinised by two reviewers independently (HH and 

LMB) and full manuscripts of all citations that were likely to meet the predefined selection 

criteria were obtained. Second, final inclusion or exclusion decisions were made on examination 

of these manuscripts. In cases of duplicate publication, the most recent and complete versions 

were selected. There were no language restrictions but studies with case-control design were 

excluded. The assessment of English, French, Spanish language manuscripts was performed 

independently by two reviewers (HH and LMB), German language manuscripts by one reviewer 

(LMB) and other language manuscripts by people who had command of the language to allow 

data extraction from the manuscripts. Any disagreements about inclusion/exclusion were resolved 

by consensus or arbitration by a third reviewer (KSK). 

Information was extracted from each selected article on study characteristics, quality and 

accuracy results. Study characteristics consisted of women's risk classifications, test 

characteristics and reference standards of the test. In studies where multiple tests were performed, 

we considered any positive result in a serial testing as a positive result overall. Accuracy data 

were used to construct 2 x 2 tables of test result and spontaneous preterm birth, which served as 

the reference standard. Data were extracted from studies on asymptomatic and symptomatic 

women for information on spontaneous preterm birth before 34 and 37 weeks' gestation. In 

addition, for symptomatic women, data on spontaneous preterm birth within 7-10 days of testing 

were also extracted. The data extraction form was piloted and tested for repeatability on the first 

eight manuscripts that we obtained.20"27 Overall, the observer agreement regarding the various 

components of data extraction form was 90-100%; with kappa values ranges from 0.9 to 1.0. 

Methodological quality assessment 

All manuscripts meeting the selection criteria were assessed for their methodological quality. We 

defined quality as the confidence that the study design, conduct and analysis minimised bias in 

the estimation of test accuracy. Current empirical evidence relates bias to items: case-control 

study designs, lack of blinding of carer to test results, non-consecutive patient enrolment, non-

prospective data collection, inadequate test description, use of different reference tests, partial 

verification, lack of description of either the population or the reference test.28 The latter 4 items 
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are, however, not relevant to our review because they refer to delivery of neonates (preterm or 

term births). Therefore, we considered a study to be of good quality if it used a prospective 

design, consecutive enrolment, adequate test description (to allow replication by others), and 

blinding of the test result from clinicians managing the patients.29 

Data synthesis 

Data were synthesised separately for studies on asymptomatic and symptomatic women with 

spontaneous preterm birth before 34 and 37 weeks' gestation. For symptomatic women, data were 

also synthesized for spontaneous preterm birth within 7-10 days of testing. Heterogeneity of 

diagnostic odds ratios was assessed graphically (using forest30 and Galbraith plots31) and 

statistically (using chi-squared test) to aid in decisions on how to proceed with quantitative 

synthesis.32 For each outcome within the two populations, there was either graphical or 

statistically significant heterogeneity. Possible sources of heterogeneity were explored by meta-

regression analysis16 using various independent explanatory variables defined a priori. These 

variables were: risk classifications (high or low as defined by the authors), multiple gestation 

(included or excluded), type of recruitment (consecutive or others), digital exam before testing 

(yes or no), sexual intercourse within 24 hours preceding testing (yes or no), bleeding before 

testing (yes or no), methods of testing (laboratory or bedside), serial testing (yes or no), gestation 

at testing for asymptomatic women (before or after 24 weeks), blinding of test results (yes or no), 

study design (prospective or retrospective), and publication language (English or other). Where a 

variable presence was not explicitly stated, it was treated as "no" in the meta-regression analysis. 

As our meta-regression analysis failed to explain the observed heterogeneity we proceeded with 

meta-analysis using random effects model.33 Consequently, the pooled results should be 

interpreted with caution. To aid in interpretation we examined the accuracy estimate of the 

highest quality studies included in our review. 

Summary receiver operating characteristic (ROC) curves34 were used as measures of accuracy for 

all included studies regardless of their thresholds. Summary likelihood ratios (LR) were used as 

measures of accuracy for studies using 50 ng/ml as their thresholds. Area under summary ROC 

curve provided an average measure of accuracy from the combined studies (especially when there 

are different test thresholds) and a convenient way of comparing accuracy of the test for different 

outcomes. Summary LRs indicated by how much a given test result will raise or lower the 

probability of having spontaneous preterm birth. Using summary LRs, we determined post-test 

probabilities by Bayes' theorem as follows36: post-test probability = LR x pre-test probability/[ 1-
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pre-test probability x (1-LR)]. In this way, LRs are more clinically meaningful than sensitivities 

or specificities, for which meta-analysis are generally not recommended.37 To detect publication 

and related bias, we undertook funnel plot (diagnostic odds ratio vs. reciprocal of its standard 

error) analysis.38 All statistical analyses were performed using SPSS v. 10 and Stata 7.0 statistical 

packages. 

Results 

Literature identification and study quality 

Figure 1 summarises the process of literature identification and selection. In total, 64 primary 

articles met the selection criteria. They consisted of 28 accuracy studies in asymptomatic women 

and 40 studies in symptomatic women, including a total of 22,390 women. Table 1 summarises 

each study's salient features according to whether the population was asymptomatic or 

symptomatic, and their risk classifications. The methodological quality is summarised in Figure 2. 

Thirteen (19%) studies, 7 among asymptomatic39"45 and 6 among symptomatic women,46"51 

fulfilled all four criteria for good quality. All studies except three (which accounted for 0.28% of 

the total 22,390 women in our review),52"54 used thresholds of 50 ng/ml for an abnormal test 

result.8 
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Figure 1: Study selection process for systematic review of cervico-vaginal fetal fibronectin test. 

Total citations identified from electronic searches to capture primary articles on all tests for predicting 
preterm birth: n= 30,061 

1 r 

Citations excluded after screening titles and/or abstracts: n = 29,972 

Primary articles on cervico-vaginal fetal fibronectin test accuracy retrieved for detailed evaluation: n=l 16 

from electronic search n = 89 
from reference lists n = 26 
contact with manufacturer n =2 (from company's website www.adeza.com) 

1 T 

Articles excluded with reasons*: 

Not test accuracy study: n=l 5 

Duplicate publications or more complete data sets are available: n=9 

Lack of data to construct 2x2 table: n=5 

Lack of original data i.e. reviews, letter: n=22 

Unobtainable: n=2 

Total excluded n=53 

Primary articles included in systematic review: n = 64 (see Table 1 for further details) 

No. of studies included in these articles = 68* 

1 r 

Studies on asymptomatic women =28 
Low risk = 8 studies 
High risk = 9 studies 
Risk not categorized = 11 studies 

Studies on symptomatic women = 40 
Low risk = 5 studies 
High risk = 4 studies 
Risk not categorized = 31 studies 

<X> See Appendix 1 for complete reference list of excluded studies. * Total number of studies exceeded 64 because some primary articles provided data on 
more than one study. 
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Fibronectin test in asymptomatic women 

The accuracy of the test was studied using bedside (n=3) or laboratory (n=26) methods, either on a single 

occasion (n=13) or by serial testing (n=16) at various gestations (Table 1). In these studies, fibronectin 

was used as a screening tool in low risk pregnancy (n=8) or as a selective screening tool in high-risk 

pregnancy (n=9) (Table 1). Most studies were carried out during the second or early third trimester of the 

pregnancy. Meta-regression analysis showed that test accuracy was not dependent on method of testing, 

serial testing, risk classifications or gestation at testing. Cervico-vaginal fetal fibronectin test showed 

different accuracy estimates in predicting spontaneous preterm birth for the various gestations of interest 

as shown in Figure 3 and Figure 4. The effect of these on changes in probabilities of spontaneous preterm 

birth is shown in Figure 4. Exploration of study quality as a source of heterogeneity did not reveal 

statistically significant differences in accuracy estimates of studies with high and low quality features. The 

accuracy estimates of studies that fulfilled all four of the quality criteria were generally consistent with the 

pooled results. For example, the median likelihood ratios for predicting spontaneous preterm birth before 

34 weeks' gestation among the five highest quality studies were 3.99 (inter-quartile range 1.73 to 10.18) 

for a positive test result and 0.38 (inter-quartile range 0.10 to 0.69) for a negative test result. 

Figure 2: Methodological quality of studies included in the systematic review. Data presented as 100% stacked bars. 

Figures in the stacks represent number of studies. 

Asymptomatic Women 

Prospective design I 23 1 5 1 

Consecutive recruitment I 9 1 19 I 

Adequate test description I 28 Q 

Blinding I 22 I 6 ~1 

D Yes I N o , unclear or unreported 

Symptomatic Women 

| 31 1 9 1 

I 9 I 31 1 

I 38 ~E1 

I 26 | 14 [ 
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Fibronectin test in symptomatic women 

The accuracy of the test was studied using bedside (n=l 1) or laboratory (n=30) methods, either on a single 

occasion (n=35) or serially (n=5) (Table 1). Meta-regression analysis showed that test accuracy was not 

dependent on method of testing, serial testing, or risk classifications. As with fetal fibronectin test in 

asymptomatic women, the test showed different accuracy estimates in predicting spontaneous preterm 

birth for the various gestation of interest shown in figure 3 and figure 4. The effect of these on changes in 

probabilities of spontaneous preterm birth is shown in Figure 4. Exploration of study quality as a source of 

heterogeneity did not reveal statistically significant differences in accuracy estimates of studies with high 

and low quality features. The accuracy estimates of studies that fulfilled all four of the quality criteria 

were generally consistent with the pooled results. For example, the median likelihood ratios for predicting 

for predicting spontaneous preterm birth within 7-10 days of testing among the four highest quality studies 

were 6.16 (inter-quartile range 4.53 to 7.33) for a positive test result and 0.32 (inter-quartile range 0.01 to 

0.45) for a negative test result. Funnel plot analysis did not show any evidence of asymmetry to indicate 

presence of publication or related bias for the main outcomes. 

Figure 3: Summary Receiver Operating Characteristic (ROC) curves and areas (95% CI) for cervico

vaginal fetal fibronectin test in predicting spontaneous preterm birth in asymptomatic and symptomatic 

Population: Asymptomatic women Population: Symptomatic women 
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Figure 4: Pooled estimates of likelihood ratios (LRs) for cervico-vaginal fetal fibronectin test and their 

impact on predictive probabilities of spontaneous preterm birth in asymptomatic and symptomatic women. 

Population/ Weighted 
Birth Outcome Pre-test Probabilit 

Asymptomatic 

<34w*cfci 
<»=1I) 

<37 weeks 
(•=23) 

Symptomatic women 

7-10 davs 
(•=14) 

Median (%) 

4.2 

12.2 

3.0 

Poil-teit Pro 

Tnt Negative 

3.0(2.8-3.2) 

6.7 (5.8-7.9) 

0.8 (0.6-0.9) 

5.6(2.9-10.9) 

1.4(9.9-13.1) 

• («" 
babllfties 
.CI) 

Te»t Positive 

13.7(10.4-17.8) 

29.0 (25.6-32.7) 

14.4(11.9-17.2) 

40.4(30.2-51.6) 

46.8(424-51.3) 

0.78(0.72-0.84) 4.01 (2.93-5.49) 

0.52 10.44-0 62) 2.94 (2.47-3.50) 

0.25 10.20-0.31) 5.42 (4.36-6.74) 

0.33(0.164.66) 3.64(2.32-5.73) ' 

0.48 (0.414) 56) 3.27 (2.74-3.92) 

* 

Discussion 

Our results show that the cervico-vaginal fetal fibronectin test exhibits a range of accuracy in predicting 

various spontaneous preterm birth outcomes. The test is most accurate in predicting spontaneous preterm 

birth within 7-10 days of testing among women symptomatic of threatened preterm birth before advanced 

cervical dilatation. 

Quality of our review 

The strength of our inferences depends on the rigour of our methodology. In contrast to the previous four 

systematic reviews,12"15 we have identified 64 studies (at least twice as many studies as the largest previous 

review14) because we did not limit our search to a single database13'15 nor did we apply language 

restrictions.13 Cognisant that meta-analysis of test accuracy studies are fraught with difficulty due to poor 

methodological quality of the primary studies, we scrutinised 

the selected studies for their quality, an assessment undertaken in only one previous review.15 

Methodological issues that may overestimate accuracy such as case-control design, absence of test 

descriptions, and different reference tests,28 were not applicable to the studies we reviewed. Our quality 

assessment, however, were affected by poverty of reporting in some instances. Moreover, quality was not 

a significant factor explaining differences between their results. Assessment of heterogeneity and 

exploration for reasons behind heterogeneity were planned a priori. In the presence of unexplained 

heterogeneity, we proceeded with caution, pooling data with random effects model, which produces a 
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wider confidence interval.16 However, due to the large number of studies in our review the accuracy 

estimates were generally more precise compared to previous reviews. 

Clinical application 

The clinical impact of the accuracy estimates we produced depends on how the resultant changes in 

probabilities due to fibronectin testing alter therapeutic effectiveness in decision-making.55 We 

demonstrate this impact with an example of decision making about the use of antenatal steroids6 in 

symptomatic pregnant women with threatened preterm birth at 31 weeks' gestation as shown in Table 2. 

The absolute effect of antenatal steroids depends on the risk of spontaneous preterm birth following 

presentation. The higher the risk, the lower the number of patients needed to be treated (NNT) to prevent 

one case of RDS and vice versa. The risk, and hence the therapeutic benefits, depends not only on the 

gestational age at presentation, but also on the post-test probabilities of spontaneous preterm birth 

associated with fibronectin testing. As shown in Table 2, if steroids were to be used for all symptomatic 

women at this gestation without fibronectin testing then 109 women would need to be treated with 

antenatal steroids to prevent 1 case of RDS. For a positive test result, the NNT would be 20, a figure 

considerably lower than that without testing. On the other hand, for a negative test result, the NNT would 

be 509. 
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Table 2: Cervico-vaginal fetal fibronectin testing among symptomatic women and the Number of women Needed to 

be Treated (NNT) at 31 weeks' gestation with antenatal steroids to prevent one case of neonatal respiratory distress 

syndrome (RDS) associated with spontaneous preterm birth within 7-10 days of testing. 

Fibronectin test 
result at 31 weeks' 
gestation 

Probability of 
spontaneous preterm 
birth within 7-10 
days of testing (%) 

Risk of RDS at 32 weeks' 
gestation56;57 

Rate of RDS* at 
32 weeks' 
gestation (%) 

NNT" 

No testing 
Test positive 
Test negative 

4.5» 
20.6s 

1.0$ 

0.53 
0.53 
0.53 

2.0 
11.0 
0.4 

109 
20 
509 

# Pre-test probability of spontaneous preterm birth within 7-10 davs of testing for symptomatic pregnant women presenting at 31 weeks' 
gestation." ; 2 w '»5 n 5 M 5 

S Information on the calculation of probabilities using likelihood ratios shown in Figure 4: 
Pre-test probability of spontaneous preterm birth within 7-10 days (i.e. no testing) for women presenting at 31 weeks' gestation = 4.5% 
This value is converted to pre-test odds = 4.5/(100-4.5) = O.047 
Post-test odds for spontaneous preterm birth among women with a positive test = pre-test odds x LR+ = 0.047 x 5.45= 0.26 
This is then converted to post-test probability = 0.26/(0.26+1) = 0.206 = 20.6% 
(A similar calculation may be carried out for the negative test result using LR- found in Figure 4) 

t The rate of RDS is calculated as follows: 
Probability of spontaneous preterm birth for a positive fibronectin test result at 32 weeks (31 weeks + 7-10 days) = 20.6% 
The risk of'RDS at this gestation = 0.53" ;" 
Therefore, the probability of a neonate suffering from RDS in woman who tested positive = 20.6 x 0.53 = 11%. 
(A similar calculation may be carried out for the negative test result) 

## An example calculation of NNT to prevent 1 case of RDS among women who tested positive: 
Rate of RDS at 32 weeks' gestation =11% 
This value is converted to odds of RDS without treatment = 11/(100-11) = 0.12 
Odds of treatment benefit = 0.12 x 0.53 = 0.064 (where 0.53 = odds ratio |OR] for treatment benefit of antenatal steroids, obtained from 
Cochrane review6, which coincidentally, is the same figure as the risk for RDS at 32 weeks' gestation) 
This is then converted to the rate of RDS following antenatal steroid treatment • 0.064/(1+0.064) = 0.059 
Rate difference of RDS between treatment and without antenatal steroid treatment = 0.11-0.059 = 0.051 
!VNT = 1/0.051 =20 
This means that with a positive fibronectin test, 17 symptomatic pregnant women who presented at 31 weeks' gestation need to be treated 
with antenatal steroids to prevent 1 case of RDS 
(A similar calculation may be carried our for the negative test result) 

This approach will allow clinicians to make explicit decisions based on more realistic probabilities 

generated by fibronectin testing and provides a framework for the use of diagnostic evidence in 

therapeutic decision-making. Specifically, our results enable clinicians to make a more rational approach 

to decision-making regarding in-patient admission, administration of antenatal steroids and in-utero 

transfer in symptomatic women presenting with threatened spontaneous preterm birth. Future research 

should focus on undertaking high quality primary studies of test accuracy to improve our ability to predict 

spontaneous preterm birth. 
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Chapter 5 

Abstract 

Background: Lay people and (para)medical personnel encounter ankle sprains on sport facilities, 

in general practice and at emergency departments (ED). At EDs, a majority of patients undergo 

radiography although ankle and midfoot fractures are seen in less than 15%. The Ottawa Ankle 

Rules (OARs) was developed to detect fractures and avoid unnecessary radiographics. 

Objectives: To summarise the evidence on the accuracy of the OARs. 

Data sources: Electronic databases reference lists of included studies, and experts. 

Review methods: Systematic review. From each paper data were extracted describing the study 

population, the type of OARs used, and methodological characteristics. Visual inspection of the 

ROC plot was used to decide to pool sensitivities using a random effects model, but not 

specificities. In addition, we pooled negative likelihood ratios for a number of subgroups, 

correcting for the four main methodological threats to validity. 

Results: 32 studies met the inclusion criteria and 27 studies reporting on 15,581 patients were 

used for meta-analysis. The pooled negative likelihood ratios (LR-) were 0.08 (95% CI 0.03-0.18) 

and 0.08 (95% CI 0.03-0.20) for the ankle and midfoot regions, respectively. The OARs' pooled 

LR- was 0.07 (95% CI 0.03-0.18) in children (both regions). Applying these LRs to a 15% pre

test fracture prevalence yields post-test fracture probabilities lower than 1.40% in these subgroups 

(largest 95% CI limit 3.08%). 

Conclusion: The OARs appear to be an accurate tool to exclude ankle fractures after sprain 

injury. At its sensitivity of almost 100% and a modest specificity, a 30-40% reduction in the 

number of radiographics is realistic. 
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Background 

Laymen manage an unknown number of acute ankle sprains while supervising sport activities. 

Also, general practitioners frequently encounter ankle sprains1. Finally, at emergency departments 

(ED) the management of ankle sprains is daily routine. Although the majority of ankle sprain 

patients seen at EDs undergo ankle radiography, even there an ankle or midfoot fracture is seen in 

less than 15% 2"6. This small radiographic yield triggered the development of the Ottawa Ankle 

Rules 7 (OARs). The Ottawa Ankle Rules consist of a questionnaire for ankle and foot assessment 
8. The ankle assessment asks about the ability to walk four steps (immediately after the injury or 

at the ED) and the localised tenderness of the posterior edge or tip of either malleolus (4 spots). 

The midfoot assessment covers the ability to walk and the localised tenderness of the navicular or 

the base of the fifth metatarsal (see Box). The test is designed to rule out fractures of the 

malleolus and the mid-foot. 

Box Description of the Ottawa Ankle Rules for use of radiography in acute ankle injuries 

(adapted from Stiell et al42 

Medial view 

C Base -•- i+i 
metatarsal D Navcutar 

- - - _ j £ S £ - - / 

An ankle x ray series is required only if diere 
I* any pasts in malleolar roue and any of these 
findings: 
* Bone tenderness 31A 
* Bone tenderness at 6 
* Inability to bear weight both immediately 
and m emergency department 

A foot g ray series is required only if there 
is any pain m midfoot tone ii*4 atly of these 
findings 
• Bone tenderness at C 
» Bone tenderness at D 
• Inability to bear weight both immediately 
and >n emergency department 

After the development of these rules by Stiell and co-workers in 1992, the OARs were validated 

and, sometimes, modified in several clinical settings. 

Where (almost) every patient entering the ED with an ankle sprain undergoes radiography, even 

modest values for specificity may imply large reductions in the number of radiographs. Therefore, 

the OARs are calibrated towards very high sensitivity, sacrificing specificity to some extent. 

We conducted a systematic review on the accuracy of the Ottawa Ankle Rules and tried to take 

into account all available studies. 
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Methods 

Selection criteria 

The review focused on studies in which the OARs were used to diagnose the presence or absence 

of ankle or midfoot fractures. The strategy included searches in electronic databases, checking the 

reference lists of included studies, and contact with experts and authors in the field. 

We searched Medline and Premedline (Ovid® version) (1990 to present (last update 4.2002), 

EMBASE (Datastar® version) (1990-2002), CINAHL (Winspirs® version) (1990-2002), and the 

Cochrane Library (2002, issue 2). The Science Citation Index database (Web of Science by ISI 

(Institute for Scientific Information) was explored entering reference 7. There were no language 

restrictions. 

Studies were selected for inclusion in the review in a two-stage process. First, all abstracts (and/or 

titles) found by the electronic searches were independently scrutinised by two reviewers (JS and 

LMB), carefully avoiding the exclusion of potentially eligible papers by ordering any papers on 

whose usefulness they disagreed. Next, we secured copies of full papers of the set thus selected. 

The final inclusion/exclusion decisions were made based on examination of the full papers using 

a checklist to assess whether the criteria for inclusion had been met. The minimal requirements 

for inclusion were assessment of the Ottawa Ankle Rules (OARs), and the possibility to construct 

at least a two-by-two table specifying the true positive rate and the true negative rate. 

Disagreements about inclusion/exclusion were resolved by consensus. 

Methodological Quality Assessment 

Two reviewers (EK and LMB) independently assessed the methods of data collection, patient 

selection, blinding and prevention of verification bias, and description of the test and reference 

standard. "' . The evaluation of foreign language papers followed translation where necessary. 

Any disagreements were resolved by consensus. 

We calculated several pooled estimates of the negative likelihood ratio by successively increasing 

the number of methodological criteria required (Table 4). 

Statistical A nalysis 

Sensitivities, specificities, likelihood ratios and their standard errors were calculated. 

Since the OARs are calibrated towards very high sensitivity, we were particularly interested in the 

pooled sensitivity and in the pooled likelihood ratio of a negative OAR (LR-). The LR- tells us 

how many times more likely it is to find a negative OAR result among persons with a fracture 

(i.e., 1-sensitivity) than among those without (i.e., specificity). To explore sources of variation in 
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the negative LRs, this parameter was explored in analyses stratified by variables related to clinical 

subgroups and study design. We calculated the Spearman rank correlation (p=0.38) to assess 

variation in diagnostic threshold. We tested heterogeneity of sensitivities and specificities using 

chi-squared tests, but the interpretation was hampered by small cell counts for cell c (false 

negatives) following Deeks' advice 15. Visual inspection of the ROC plot made us decide to pool 

sensitivities using bootstrapping, but not specificities. (Figure 1) 

The data were analysed with Stata® 7.0 statistical software. 

Figure 1: ROC plot showing sensitivity against (one minus) specificity of all included studies (39 

2x2 tables). The wide range of specificities is in clear contrast to the narrow range of sensitivities. 

0 .1 .2 .3 .4 .5 .6 .7 

1 niliB Specificity 

Results 

Literature search 

The search in the electronic databases retrieved 1085 studies. 116 studies were ordered as full 

papers. The reference lists of these 116 papers revealed 15 additional articles. Thirty-two studies 

were then included and were analysed after closer examination ' 

authors of the included studies did not disclose any additional data. 

Contact with the first 
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Foot and ankle assessment 

We identified three different types of reporting the OAR. Sixteen reports ^'W8;26;28;30;31;33;34;37^-
43:46 provided accuracy measures for the ankle assessment and 11 reports ^'S;28;30;33;40-43;46 

reported on the midfoot assessment. Ten reports l7-21-23;25;27;35;38'44:45 reported on the global 

accuracy of the OAR that included a combination of cases of foot and ankle assessment. 

Assessment of OARs in children 

The OAR has been developed to assist decision-making in adults. Six reports however, reported 

on the accuracy of the OAR in children. '"•20-2^^\ 

Modifications of the OARs 

Several reports reported on the OARs using selective inclusion of patients admitted to the hospital 

within 48 hours after the sprain instead of within 1 week2,;24:31;36. 

Accuracy data of all 32 studies is available on the BMJ website. 

Pooled Analyses 

Reports with non-prospective data collection in addition to unknown blinding of the radiologist 
37 and one abstract40 were excluded from pooled estimates. If studies compared different 

specialities' performance using the OARs, we only used the data on physicians' judgements 31;35. 

Data about modifications of the OARs were also excluded from the pooled analysis27:28;41;44. 

Twelve reports W ^ W i ^ w ^ a ^ ( 1 3 2x2 tables) about the ankle assessment, eight reports 
7;,6;,8;30;33:42;43;46 (g ^ ^ ^ ^ ^ ^ a s s e s s m e n t ; t e„ K p o r { s 2l-23;25;27;32:35;38;44;45 ( j Q ^ ^ ^ 

on combined assessment and six reports "•20-24;29^32'36 (7 2X2 tables) on assessment in children 

were available for the pooled analyses. 

In total, 27 reports describing 15,581 patients were studied, of whom 47 (0.30 %) had a false-

negative OARs test result. Table 1 shows the study characteristics stratified for ankle, foot or 

combined assessment 
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Chapter 5 

Sensitivity and Specificity 

Table 2 shows the pooled sensitivities and the distribution of specificities stratified by several 

characteristics. Sensitivities are consistently very high but ranged from 99.6% (95% Confidence 

Interval 98.2-100.0%) in studies that reported on application of the OARs within 48 hours after 

injury to 96.4% (95% CI; 93.8-98.6%) in combined assessment. 

The specificities ranged from 47.9% (Interquartile range IQR 34.4-78.8) in those studies with a 

fracture prevalence below the 25th percentile of all studies to 26.3% (IQR 23.8-35.6%) in studies 

reporting on combined assessment. 

Negative Likelihood Ratio 

Table 3a shows pooled negative likelihood ratios for clinical subgroups and fracture probabilities 

after negative testing while assuming a pre-test probability (or fracture prevalence) of 15 percent. 

The post-test fracture probability was lowest in those studies with fracture prevalences below the 

25th percentile of all studies (0.7%; 95% CI 0.35-1.90%) and was highest in those studies with 

fracture prevalences above the 75th percentile of all studies (3.74%; 95% CI 1.73-8.26%). As the 

pre-test fracture probability increases the pooled LR- tends to get worse. In studies assessing the 

OARs in children, the post-test fracture probability after negative testing was 1.22% (0.53-3.08). 

The studies that assessed combined ankle and midfoot rules appear to have a worse LR-. Table 3b 

shows the LRs for three criteria believed to have impact on diagnostic accuracy measures. The 

features of ideal study design, such as consecutive entry and applying a radiography reference 

standard in all patients appeared to be associated with slightly worse LRs. 
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Table 2: Pooled sensitivity (bootstrapped) and the distribution of specificity stratified on different 
variables in 27 studies (39 2x2 tables) of the OAR in the diagnosis of ankle fractures. 

Stratum 

All Studies 
OARs (n=39) 

Type of Assessment 
Ankle assessment 
(n=15) 

Foot assessment 
(n=10) 

Combined 
assessment (n=14) 

Population 
Children (n=7) 

Adults (n=32) 

Prevalence categories 
25th centile fracture 
prevalence (n=7) 

25th-75th centile 
fracture prevalence 
(n=22) 

> 75th centile of 
fracture prevalence 
(n=10) 

Time to referral 
OARs < 48 hrs (n=5) 

OARs > 48 hrs 
(n=34) 

Point 
estimate of 
Sensitivity 

97.6 

98.0 

99.0 

96.4 

99.3 

97.3 

99.0 

97.7 

96.7 

99.6 

97.3 

Lower 
limit of 
95% CI 

96.4 

96.3 

97.3 

93.8 

98.3 

95.7 

98.3 

95.9 

94.2 

98.2 

95.9 

Upper 
limit of 
95% CI 

98.9 

99.3 

100.0 

98.6 

100.0 

98.6 

100.0 

99.0 

99.2 

100.0 

98.5 

Median 
Specificity 

31.5 

39.8 

37.8 

26.3 

26.7 

36.6 

47.9 

30.1 

27.3 

27.9 

36.6 

25th 
percentile 

23.8 

27.9 

24.7 

19.4 

23.8 

22.3 

42.3 

23.8 

15.5 

24.7 

19.9 

75th 
percentile 

44.4 

47.7 

70.1 

34.3 

35.6 

46.1 

77.1 

40.1 

40.0 

31.5 

46.8 

All values are percentages 
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Table 3 a, b: Pooled likelihood ratios (bootstrapped) for a negative Ottawa Ankle Rules (OARs) 

result, stratified on different variables in 27 studies (39 2x2 tables) on the diagnostic accuracy of 

the OARs in the diagnosis of ankle fractures. Fracture probabilities after negative testing are 

calculated assuming a fracture prevalence of 15 percent2, unless stated otherwise. 

Table 3a: Population subgroups 

Stratum 
Point estimate 
of negative LR 

All (n=39) 

Ankle assessment 
(n=15)' 

Foot assessment 
(n=10)2 

Combined assessment 
(n=14)3 

Children (n=7) 

Adults (n=32) 

Lower quartile of 
fracture prevalence 
(n=7) 

Middle quartiles of 
fracture prevalence 
(n=22) 

Upper quartile of 
fracture prevalence 
(n=10) 

OARs < 48 hrs (n=5) 

0.10 

0.08 

0.08 

0.17 

0.07 

0.11 

0.04 

0.09 

0.22 

0.06 

OARs > 48 hrs (n=34) 0.11 

Lower 
limit of 
95% CI 

Upper 
limit of 
95% CI 

0.06 

0.03 

0.03 

0.1O 

0.03 

0.06 

0.02 

0.05 

0.10 

0.02 

0.07 

P-value for 
heterogeneity 

0.16 

0.18 

0.20 

0.30 

0.18 

0.18 

0.11 

0.16 

0.51 

0.19 

0.18 

O.001 

O.001 

0.14 

0.04 

0.9 

O.001 

0.97 

0.001 

0.007 

0.65 

<0.001 

Fracture 
probability 
(95% CI)" 

1.73% 
(1.05-2.75) 

1.39% 
(0.53-3.08) 

1.39% 
(0.53-3.41) 

2.91% 
(1.73-5.03) 

1.22% 
(0.53-3.08) 

1.90% 
(1.05-3.08) 

0.70% 
(0.35-1.90) 

1.56% 
(0.87-2.75) 

3.74% 
(1.73-8.26) 

1.05% 
(0.35-3.24) 

1.90% 
(1.22-3.08) 

1 2 reports on children;2 1 report on children;3 4 reports on children 

* The median fracture prevalences are 7.9%, 12.7%, and 20.6% for the lower, the middle, and the 

upper quartile(s), respectively 
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Table 3b: Methodological subgroups : 

Consecutive entry 
(n=16) 

Arbitrary or 
unknown entry 
(n=23) 

Gold standard in all 
patients (n=17) 

Gold standard not in 
all patients (n=22) 

Radiologist blinded 
(n=27) 

Radiologist not 
blinded / unknown 
(n°12) 

Point 
estimate of 
negative LR 

0.13 

0.09 

0.16 

0.08 

0.08" 

0.15' 

Lower 
limit of 
95% CI 

0.06 

0.05 

0.09 

0.04 

0.05 

0.07 

Upper limit 
of 95% CI 

0.26 

0.16 

0.26 

0.15 

0.15 

0.31 

P-value for 
heterogeneity 

0.001 

0.85 

0.001 

0.03 

O.001 

0.002 

Fracture 
probability 
(95% CI) ' 

2.24% 
(1.05-4.39) 

1.56% 
(0.87-2.75) 

2.75% 
(1.56^.39) 

1.39% 
(0.70-2.58) 

1.39% 
(0.87-2.58) 

2.58% 
(1.22-5.19) 

* All pooled studies were prospective 

* Formal meta-regression analyses did not show these differences to be statistically significant 

(p=0.29). 

Table 4 shows pooled negative likelihood ratios stratified for patient delay (±48 hours) and 

according to the quality items 'prospective data collection', 'consecutive patient enrolment', 

'blinding of assessor of radiographs', and 'definite diagnosis with radiography in all patients'. Data 

on the use of OARs within 48h in adults are scarce. In children, the pooled LR- is 0.07, which 

seems low enough to be useful although the evidence is sparse and the confidence interval 

correspondingly wide if one is stricter on methodology. The pooled LRs for ankle and foot 

assessment are very similar irrespective almost of methodological zeal. Nevertheless, the more 

one moves to the right hand side of the table the more likely to be valid are the estimates. 
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Ottawa Ankle Rules to exclude fractures of the ankle and mid-foot 

Discussion 

This systematic review summarises the accuracy of the Ottawa ankle rule to exclude ankle and 

midfoot fractures in patients presenting with an acute ankle sprain at ED's. At ankle and midfoot 

fracture prevalences at EDs of less than fifteen percent, our results indicate that a negative OARs 

result is associated with a fracture probability of less than two percent in most subgroups. 

Since the OARs are calibrated towards very high sensitivity, we were particularly interested in the 

pooled sensitivity and the pooled likelihood ratio of a negative OAR (LR-). Specificity, however, 

is an indicator of the number of unnecessary radiographs that may be avoided with this decision 

rule. The variability in the specificities, which ranged from 10 percent35 to 79 percent42, is 

surprising. 

We hypothesise that differences in clinical skills, test interpretation and experience of medical 

staff performing the Ottawa Ankle Rule influenced the accuracy. Only few studies reported 

particulars of staff performing the OARs, stating for instance the number of years worked at a 

trauma emergency department. In addition, the expression of pain, which is crucial for the 

interpretation of the OARs, may have a cultural dimension. This could result in a higher false 

positive rate (among those with a relatively vivid expression of pain) or higher false negative rate 

(among stoic individuals) unless attending clinicians share their patients' cultural background. 

The subtlety of palpation technique might explain some of the large variation in false-positive 

rates, that is, the percentages of patients who apparently indicated pain (or were unable to walk 4 

steps) but had no fracture. 

Stiell published the OARs to reduce the number of unnecessary radiographs. The economic 

aspect of the Ottawa Rules may be more complex. An obvious requirement of saving costs by 

means of OARs is its application in clinical practice. In a study about dissemination techniques, 

Cameron et al. 47 investigated the impact on the prescription of ankle and foot x-rays in clinical 

practice after the dissemination of the OARs. They found that although clinicians widely 

recognised the OARs as a decision tool, its use and the change of clinical behaviour was limited. 

Clinicians aim to minimise the number of missed fractures and would therefore maximise 

sensitivity at all costs. Fear of a bad professional reputation or litigations might be an explanation. 

In contrast, a health insurer would be interested in the optimal balance between sensitivity and 

specificity of the OARs. Therefore, the practical question from the health authorities' point of 

view turns out to be: How should the OARs behave in order that clinicians will use it? Suppose, 

for example, that a sensitivity of 92 percent with a specificity of 85 percent maximised cost-

effectiveness. Suppose also that clinicians simply refuse to use it at such a 'low' sensitivity. In 

that case, it may be societally more useful to design the OARs such that, for example, 90 percent 
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of clinicians will use it. In order to do this "meta-calculation" the distribution of the minimal 

sensitivities the relevant clinicians are prepared to work with would be required. Then one could 

calculate the optimal cut-off for sensitivity at which just enough clinicians would actually use it to 

make the OARs worthwhile in cost-effect terms. 

Immediate availability of x-ray equipment may further trigger the prescription of radiographics. 

So far, the usefulness of the OARs as a decision tool in the primary care setting has not been 

assessed. Therefore, dissemination among GPs and people supervising sport activities may be 

more fruitful. 

Conclusion 

Studies show that the OARs are an efficient decision aid to rule out fractures in patients 

presenting with acute ankle sprain. Their use in general practice and at the ED seems advisable. 

Generalisations as to the potential economic benefit of the application of the OARs require the 

calculation of the utilities associated with the different clinical outcomes when fewer patients are 

referred for radiography. 
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Chapter 6a 

Abstract 

Objective: To assess the extent to which different forms of summarising diagnostic test information 

influence practicing physicians' ability to estimate disease probabilities. 

Design: Controlled non-clinical study 

Setting: Three conferences in continuous medical education 

Participants: 263 practicing physicians 

Measurements: Physicians completed three multiple-choice questions assessing their knowledge and 

application of terms of test accuracy. Participants were then asked to estimate the disease probability in a 

65-year old woman presenting with uterine bleeding. Physicians had to revise their estimate in the light of 

a positive transvaginal ultrasound scan. They received this test result in one of three versions, which were 

allocated in a concealed fashion: the test result only; the test result and the information that sensitivity and 

specificity were 80% and 60%, respectively; or the test result and information on the corresponding 

positive likelihood ratio of 2. The latter was presented in common sense wording. 

Results: 76% of the physicians chose the correct definition for sensitivity, 61% for predictive value, but 

only 22% chose the correct answer for the post-test probability of a positive screening test. In the clinical 

example, physicians not provided with information on the accuracy of the scan overestimated its 

diagnostic value (median attributed likelihood ratio (aLR) = 9.0, against 2.54 reported in the literature). 

Providing the scan's sensitivity and specificity reduced the overestimation (median aLR = 6.0), but to a 

lesser extent than common sense wording of the likelihood ratio (median aLR = 3.0). 

Conclusion: Most general practitioners recognise the correct definitions for sensitivity and positive 

predictive value, but do not apply them correctly. Compared to the reporting of sensitivity and specificity, 

conveying the same information in terms of a common-sense verbal expression of the likelihood ratio 

appears to improve GPs ability to estimate disease probabilities accurately. 
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Introduction 

Physicians are expected to be proficient in integrating diagnostic information from history, physical 

examination and other diagnostic procedures. Effective therapeutic action rests on the correct 

interpretation of such data. 

Usually, the accuracy of tests is reported in terms of their sensitivity, specificity and predictive values. In 

settings with low disease prevalence, most physicians grossly overestimate the probability of disease in 

patients with a positive result from a screening test'. Apparently, they confuse the sensitivity of a 

screening test with its positive predictive value2 3. Less is known about practicing physicians' aptitude to 

apply test accuracy data to clinical settings with a higher prevalence of disease. We therefore presented a 

structured questionnaire with a vignette of a clinical problem to general practitioners (GP). The primary 

aim of the study was to assess the extent to which different forms of presenting test accuracy information 

affected the physicians' post-test probability estimates. 

Methods 

GPs attending one of three continuous medical education conferences in Switzerland were eligible. On 

average, participating physicians had more than ten years of professional experience. Although GPs do not 

formally act as gatekeepers, they are usually the first health care provider, who is contacted if new medical 

problems arise. 

The questionnaire (see BMJ website), which was developed and piloted in a different group of 45 

physicians, consisted of two parts. The first part - using a 4-item multiple-choice format - assessed 

knowledge and interpretation of the terms sensitivity and predictive value. The first two questions asked 

for the definition of the terms 'sensitivity', and 'positive predictive value', respectively. The third question 

asked to estimate the post-test probability when a screening test with a sensitivity and specificity of 95% 

returns a positive result in a population with a disease prevalence of 1%. Choices were "< 25%", 

"approximately 50%", "nearly 100%", and "don't know". 

The second part evaluated the participants' ability to apply these terms to a clinical vignette. For 

simplicity of further calculations, the vignette stated that the prevalence of endometrial cancer in all 

women with abnormal uterine bleeding is 10%. First, physicians were requested to estimate the probability 

of endometrial cancer given the additional information that the patient is 65 years old. The second piece of 

information on the result of a transvaginal ultrasound scan was provided in three different versions: (1) 

"Transvaginal ultrasound showed a pathological result compatible with cancer"; (2) "Transvaginal 

ultrasound showed a pathological result compatible with cancer. The sensitivity of this test is 80%, its 

specificity is 60%"; (3) "Transvaginal ultrasound showed a pathological result compatible with cancer. A 

positive result is obtained twice as frequently in women with an endometrial cancer than in women 

without this disease". Version three aimed to present the positive likelihood ratio of 2 using non-technical 

wording. 
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Data collection 

Participants received the questionnaires presenting the test result in one of three versions, which were 

allocated in a concealed fashion. Questionnaires were handed out prior to the start of a lecture on 

evidence-based medicine. Participants were given oral instructions and 10 minutes time to complete the 

questionnaires. Thereafter, the questionnaires were collected. If GPs attended more than one conference, 

only the first completed questionnaire was included in the analysis. 

Data analysis 

For the 3 questions testing formal knowledge we calculated the proportions of GPs who chose the correct 

answer and their 95% confidence intervals (CI). For the second part of the questionnaire, we derived the 

implicitly attributed likelihood ratios (aLR) by comparing the given pre-test probability of 10% to the 

probability estimate after adding information on age and ultrasound scan. We used the equation aLR = 

post-test odds / pre-test odds, where odds = probability / (1- probability). Likewise, the likelihood ratio 

attributed to the positive ultrasound result was calculated (probability estimate after providing ultrasound 

information compared to probability estimate after providing information on age). Eight post-test 

probability estimates of 100% were recoded into 99.999% to avoid needless missing values. An overall 

comparison between the three ways of presenting information on the positive scan result were made using 

the Kruskal-Wallis test using the SAS statistical software package (version 8.1, SAS Inc., Cary, NC, 

USA). Other differences were tested using the Mann-Whitney ranksum test. 

To obtain an empirical likelihood ratio corresponding to the test result "this woman is 65 years old" we 

used data from 248 consecutive outpatients presenting with abnormal uterine bleeding at the Birmingham 

(UK) Women's Hospital rapid access ambulatory diagnostic clinic (RAAD) between November 1996 and 

December 1997 . This database contains information on patient age and uses the endometrial biopsy as a 

gold standard. In this database, a woman aged 60 

to 70 presenting with abnormal bleeding are 3.1 times more likely to have endometrial cancer than women 

outside that age range. The provided sensitivities and specificities for transvaginal ultrasound were chosen 

to approximate the median from data provided in the literature5 6 with rounding for simplicity of 

calculation. 

Results 

Of the 263 eligible GPs, between 251 and 261 answered the 3 questions, which tested their knowledge. 

Seventy-six percent (95% CI from 70 to 81%) chose the correct definition of the term "sensitivity" and 

6 1 % (95% CI from 54 to 67%) of the term "positive predictive value". Only 22% (95% CI from 17 to 

27%) chose the correct multiple-choice option "less than 25% probability" in the given example of a 

positive result from a screening test (sensitivity and specificity 95%, disease prevalence 1 %), while 56% 

(95% CI from 49 to 62%) selected a post-test probability of "close to 100%". 
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In the clinical vignette, providing the information that the woman was in fact 65, led 48.4% of GPs to 

change their probability estimates. 51.6% of GPs did not change their probability estimate in the light of 

the additional information on age. The figure presents the key findings on the effect of (1) omitting 

numerical information, and (2) the two ways of presenting the same test accuracy information. Physicians, 

who were not given any information on test accuracy (n=92), regarded a positive transvaginal ultrasound 

as an accurate test to prove the presence of endometrial cancer. The median attributed likelihood ratio was 

9 (IQR 3.25-68.5). Physicians provided with the literature-based sensitivity and specificity of the scan 

(n=92) appeared to apply lower estimates of the likelihood ratio (aLR = 6, IQR 2.3 - 22.1, p = 0.019). 

Presentation of the test accuracy in common sense wording (n = 79) brought the attributed likelihood ratio 

still closer to the literature-based ones (aLR = 3.0, IQR 2.25-9, overall p-value (testing whether all groups 

are equal) = 0.0013; the p-value for the comparison between group 1 versus groups 2 and 3 combined is 

0.0006, indicating gross overestimation when numerical information is omitted; the p-value for the 

difference between groups 2 and 3 is 0.228, representing somewhat weaker evidence that the presentation 

of diagnostic information in the form of common sense wording of the likelihood ratio leads to estimates 

closer to the true one compared to its presentation as sensitivity and specificity. 

Figure: Distribution of the likelihood ratios (aLR) attributed by GPs to a positive transvaginal ultrasound 

in women presenting with abnormal uterine bleeding. Group 1 received no information on test accuracy, 

Group 2 was provided with a sensitivity of 80% and a specificity of 60%, Group 3 received a common 

sense wording of the corresponding a Likelihood ratio of 2. 
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Discussion 

In this study we evaluated practising physicians' knowledge on terms commonly used to describe a test's 

accuracy. Participants were asked to calculate the post-test probability of disease after a positive screening 

test and to provide probability estimates for a clinical vignette, which described an unspecified woman 

presenting with abnormal uterine bleeding. In the latter, physicians had to use two pieces of information 

(age and a positive ultrasound result) to update their probability estimate for the presence of endometrial 

cancer. 

Four findings emerged from this study: (1) while the majority of physicians were able to recognise the 

correct multiple choice answer for sensitivity and positive predictive value, only a minority correctly 

estimated the (low) probability of disease when provided with a 1% prevalence, 95% sensitivity and 95% 

specificity. (2) Compared to the empirical data found in women referred to an outpatient clinic, physicians 

underestimated the diagnostic value of the information on patient age. (3) Participants, who were not 

provided with data on test accuracy, grossly overestimated the diagnostic accuracy of a positive 

transvaginal ultrasound result - both if compared to a recently published systematic review 6 as well as 

compared to the data provided in the Swiss guidelines on the workup of women with post-menopausal 

bleeding . (4) Presentation of test accuracy by expressing it as the positive likelihood ratio using 

common-sense wording seemed to be more effective for eliciting correct post-test probabilities than 

presenting it as sensitivity and specificity. 

If- as seems likely - in our sample GPs with an interest in evidence-based medicine were overrepresented 

our findings may even overestimate to some extent the average GP's achievements on the knowledge 

questions we measured. One may speculate whether the findings in the comparative part of this study 

would be affected by prior knowledge on test accuracy measures and their presentation. One may argue 

that, in general, not all mis-estimations of disease probability estimates are of equal importance. In 

particular, two numerically different estimates may not be clinically different if they lead to the same 

clinical decision. However it is difficult to be specific about these thresholds for action as they may 

depend on many subjective factors unless formal decision analyses exist. 

Despite a long tradition of reporting test accuracy in terms of sensitivity and specificity, only a minority of 

physicians could correctly apply this information to a setting with low prevalence or to a clinical 

judgement. This inability to quickly perform the required calculations probably explains their little use 7 in 

general practice. Rather than blaming physicians for this lack of aptitude, medical editors and authors of 

diagnostic research studies alike should reconsider the communication of research data. We showed, that 

simple presentation of a positive likelihood ratio of 2 in common sense wording enabled physicians to 

almost correctly estimate the diagnostic information associated with a positive ultrasound scan. In future 

research, other potentially useful ways to present diagnostic data, e.g. disease probability estimates8, 

prediction rules 9 or decision trees 10;l' could also be explored. 

Our study raises the question, to what extent the observed overestimation of the diagnostic value of the 

technical procedure contributes to the steadily increasing utilisation of laboratory and imaging testing 12. 
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Another potential reason to underestimate the diagnostic value of information from the patient history may 

be the lack of well-designed studies tackling that issue '3. 

This study gives no insight into what consequences physicians would draw from a positive ultrasound 

result in real practice. However, if other reasoning approaches do not correct for the observed 

overestimation of a positive ultrasound result, it is conceivable that this favouritism of technical data may 

adversely affect both doctor-patient communication and further action. 

In summary, we observed a considerable overestimation of the diagnostic value of a positive transvaginal 

ultrasound in elderly women with abnormal uterine bleeding. Presenting test accuracy data in common 

sense wording markedly reduced this overestimation. 
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Chapter 6b 

Recently, in a controlled questionnaire study, we showed that conveying test accuracy information in non

technical language improved physicians' ability to estimate disease probabilities accurately '. Here, we 

issue a warning that, possibly, a considerable proportion of physicians may misuse such non-technical 

presentation. Briefly, Swiss GPs were presented with a pre-test probability of 10%, information that the 

patient was 65, and finally, a positive transvaginal ultrasound result. Seventy-nine GPs (group 3) received 

the latter formulated as "A positive result is obtained twice as frequently in women with an endometrial 

cancer than in women without this disease", reflecting a likelihood ratio (LR) of 2; 92 (group 2) received it 

formulated as "The sensitivity of this test is 80%, its specificity is 60%"; 92 (group 1) received no test 

accuracy information. Note, the first two forms are numerically equivalent since LR = sensitivity / (1 -

specificity). The table shows that the degree of overestimation of diagnostic accuracy varied with the 

presentational format. As noted by us previously, almost half of the physicians did not change their 

probability estimates after they were provided with the patient's age. However, more recently we found 

that the non-technical format invited 25 out of the 79, or 32% (95% CI 22 to 43) GPs to multiply their 

pretest probability by exactly 2. This is theoretically incorrect since, for example, a LR of 2 changes a pre

test probability of 40% to 57% only, not to 80%, which requires a LR of 6 (see the legend to the table for a 

formula). However, unfortunately, in the particular situation of our study, this mistake helped those 

respondents who did not change their pre-test probability after the provision of the patient's age to get 

close to the correct value, changing 10% into 20%, corresponding to a attributed LR of 2.25. The table 

shows the results after omission of these 25 GPs. It shows that the provision of some form of quantitative 

information still seems advantageous (contrast group 1, versus groups 2 and 3; p = 0.0216). However, all 

comparisons involving group 3 are affected by this stricter analysis. In conclusion, framing the diagnostic 

information in the user-friendly way that we used for the LR may invite physicians to use simple 

arithmetic leading to grossly inflated inferences when pre-test probabilities are high or likelihood ratios 

are larger. 
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Table: Group 1 received the ultrasound test result without quantitative information on the test's accuracy; 

group 2 received the information that sensitivity was 80% and specificity 60%; group 3 received 

information that was numerically equivalent to that in group 2, but presented as a non-technical expression 

of the likelihood ratio of a positive test result (see text). 

Group N Median aLR (p25;p7s) Contrast P-value11 

9(3;69) 
6 (2;22) 
3 (2;9) 

9 (3;69) 
6 (2;22) 
9(3;17) 

Formula to convert pretest probability (p,) into a posttest probability (p:). Pre-test odds * LR » post-test odds, where pre-test odds = pl/(l-pl), and 
P2 = post-test odds / (1 + post-test odds) 

1 
2 
3 

1 
2 
3 

1 Kruskal Wallis test 

92 
92 
79 

92 
92 
54 

1 v2 
1 v3 
2 v 3 
1 v (2 & 3) 
All 
1 v2 
1 v3 
2 v 3 
1 v (2 & 3) 
All 

0.0193 
0.0003 
0.2284 
0.0006 
0.0013 
0.0193 
0.1636 
0.5682 
0.0216 
0.0599 

97 





Multivariable analysis of tests for the diagnosis of 
intrauterine growth restriction 

Lucas M. Bachmann, Khalid S. Khan, Joseph Ogah, Philip Owen 

Ultrasound Obstet Gynecol. 2003 Apr;21(4):370 



Chapter 7 

Abstract 

Design: Prospective cohort study 

Subjects: 21A low-risk pregnancies undergoing serial ultrasound examination at pre-determined intervals: 

Objectives: 1 .To describe how data from antenatal fetal ultrasound biometry, amniotic fluid index and 

umbilical artery Doppler can be appropriately combined using multivariable models. 2. To investigate 

how the addition of these ultrasound parameters influences the ability to predict intrauterine growth 

restriction (IUGR) 

Methods: Standard deviation (Z) scores of the last values for Fetal Abdominal Area (FAA), growth 

velocity of the FAA (FAA vel), amniotic fluid index (AFI) and umbilical artery Doppler pulsatility index 

prior to delivery were calculated for 260 fetuses. Customised estimated fetal weight (cEFW) centiles were 

also calculated using the last EFW before delivery after adjustment for fetal gender, gestational age, birth 

order, maternal weight, height and ethnic origin. Following delivery the neonatal ponderal index was 

calculated and centile position obtained. Neonatal ponderal index below the 25*1 centile served as the main 

outcome measure for diagnosis of IUGR. Logistic regression analysis was used to delineate the predictive 

value of the three fetal growth tests FAA, FAA velocity and cEFW and the additional value of AFI and 

pulsatility index of the umbilical artery. 

Results: The areas under the ROC curves (95% Confidence Interval) for FAA, FAA vel and cEFW alone 

were 0.819 (0.748-0.891), 0.784 (0.699-0.869) and 0.74 (0.643-0.837) respectively in the prediction of a 

neonatal ponderal index <25th percentile. The addition of both the AFI and pulsatility index to FAA, FAA 

vel and cEFW generated small increases in the areas to 0.831 (0.758-0.904), 0.817 (0.735-0.899) and 

0.766 (0.672-0.859) respectively. These improvements in diagnostic prediction were not statistically 

significant. 

Conclusions: The addition of AFI and umbilical artery pulsatility index to the fetal biometry parameters 

did not significantly increase the ROC areas in the study population. The approach applied in this study is 

useful in the context of hypothesis generation. Further studies using larger data sets and other predictors 

should be carried out using the analytical techniques outlined in this paper to determine the contribution of 

various antenatal tests in the prediction of IUGR. 
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Introduction 

Fetal assessment with ultrasound biometry, amniotic fluid volume assessment and umbilical artery 

Doppler waveform analysis is frequently practised in modern antenatal care. When the clinician is 

presented with a number of ultrasound parameters, decision-making is inevitably based upon a clinically 

intuitive combination of these tests. In the published literature, tests are evaluated for their performance 

independently of each other but such an approach is associated with bias . 

Fetal biometry expressed either as a single measurement or as change in serial measurements performs 

with varying degrees of success in the prediction of intra-uterine growth restriction (IUGR) in both low 

and high-risk pregnancies 2'3'4. To our knowledge there is no published description of an appropriate 

statistical methodology for combining information from more than one ultrasound parameter in the 

prediction of infants born with evidence of IUGR. This study describes how several ultrasound fetal 

variables can be appropriately combined using multivariable models and how the addition of different 

ultrasound parameters influences test performance. In particular, we wanted to examine if the addition of 

amniotic fluid index (AFI) and Doppler examination of the umbilical artery to standard and customised 

fetal biometry improved diagnostic prediction. 

Methods 

Three hundred and thirteen women attending the antenatal clinic at Ninewells Hospital, Dundee, Scotland 

were enrolled into a study of fetal growth which has previously been described in detail5. Entry criteria 

were singleton pregnancy, gestational age of less than 85 days confirmed by crown-rump length 

measurement and the absence of recognised risk factors for accelerated or retarded fetal growth including 

a history of a previous small for gestational age infant, existing medical disorders or heavy smoking (>20 

cigarettes per day). All the subjects were scanned for fetal anomaly at 18 weeks and subsequently 

underwent ultrasound examinations at 4 week intervals before 30 weeks and 2 week intervals thereafter 

until delivery. 

All ultrasound measurements were made using an Aloka SSD-650 real-time ultrasound scanner using a 

3.5 MHz probe by one of the authors (PO). Crown-Rump Length (CRL) was measured in a standard 

manner employing a frozen on-screen image and electronic calipers6. Gestational age was calculated with 

reference to CRL and not menstrual data7. The Fetal Abdominal Area (FAA) was measured at the level of 

the umbilical vein8 by tracing the outline of the trunk on-screen. For each fetus the last values for FAA 

prior to delivery were converted to standard deviation (Z) scores using previously published gestational 

age specific values for means and standard deviations9. Growth velocity of the FAA measurement was 

determined from the last and third last FAA measurements for each fetus; FAA velocity was calculated 

over this mean 28 day interval and expressed as a Z score using previously published standards . 
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Estimated fetal weight (EFW) was calculated from bi-parietal diameter (BPD), FAA and femur length 

(FL) measurements using a previously validated formula10". A customised estimated fetal weight (cEFW) 

centile was calculated for each fetus using the last EFW before delivery after adjustment for fetal gender, 

gestational age, maternal weight at booking, birth order and maternal ethnic origin; this was facilitated by 

on-line software available at www.wmpi.net12. FAA Z score, FAA velocity Z score and cEFW served as 

the measures of fetal size and growth. 

Amniotic fluid index was measured once at each visit using a standard technique '3. The umbilical artery 

pulsatility index (PI) was calculated from the mean of three waveforms obtained by insonating a free-

floating segment of cord during fetal quiescence and in the absence of fetal breathing. The last values for 

AFI and PI prior to delivery are described as Z-scores 13'14. 

Neonatal anthropometric measurements were made on the second or third days of life. The baby's length 

was measured on a standard neonatal anthropometer; the mean of three measurements was recorded, the 

Ponderal index calculated and centile position obtained '5 (PI = weight/crown-heel length3 (g/cm3) X 100). 

In addition, neonatal skinfold thickness was measured using Holtain calipers (Crymych, UK) by one 

observer. Three measurements were made at the subscapular and triceps areas on the child, the mean 

measurement recorded and a centile position obtained after adjustment for gestational age and sex 16. 

Infants were considered to have IUGR if the ponderal index was below the 25th centile and/or one or both 

skinfold thickness measurements were below the 10Ih centile. These cut-off values were chosen because 

they identify only a small proportion of the low-risk population as being growth restricted and as such are 

likely to represent true growth restriction. There is no consensus as to which neonatal measurement best 

represents nutritional status but ponderal index is more widely reported than skinfold thickness. For this 

reason, the PI was selected as the main outcome measure (results for skinfold thickness are presented in 

the appendix). 

Statistical evaluation of combination of diagnostic tests 

Logistic regression analysis was used to delineate the predictive value of the three fetal size and growth 

tests (FAA, FAA velocity and cEFW) separately and with the additional value of AFI and umbilical artery 

pulsatility index Z scores. For our analysis we used Ponderal Index below the 25th percentile as the binary 

dependent (outcome) variable. In the model building process, firstly univariable analyses were carried out 

for each of the three fetal size and growth tests to predict IUGR. Secondly, each of the three biometry tests 

was combined with AFI and pulsatility. To assess the stability of our inferences, the analyses were 

repeated with skinfold thickness <10th percentile as the dependent variable. In total, we ran 24 regression 

models using the SPSS® statistical software package (Version 10.0 SPSS Inc. 2001. Chicago, Illinois, 

USA). 
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The predictive value of each model was initially summarized by plotting the estimates of sensitivity (true 

positive rates) against 1- specificity (false positive rates) to develop a receiver operating characteristic 

(ROC) curve that characterized the performance of the particular diagnostic model 17'18. This approach 

enables comparison of the models by analysing the difference in magnitude of the ROC areas. A 

difference between areas is then assessed for statistical significance19,20,21'22. The area under the ROC curve 

provides information about the entire range of test results. An ROC area of 0.5 describes a non-

informative test whereas a ROC area of 1.0 represents a fully informative test that discriminates between 

disease presence and absence perfectly. The ROC curves generated from logistic regression modelling and 

their respective areas were compared. This approach allowed an assessment of the incremental value of 

the addition of AFI and umbilical artery pulsatility index over and above that of fetal size and growth 

alone. 

Results 

Two hundred and seventy four women continued in the study. A total of 260 (95%) delivered at 37 weeks 

gestation or more. Twenty-two (8%) and 11 (4%) had adjusted birthweights below the 10th and third 

centiles respectively. There were no cases of structural or chromosomal anomaly. Skinfold thickness and 

ponderal index were available in 238 and 257 cases respectively. Twenty-six (10.9%) infants had one or 

both skinfold thickness measurements below the tenth centile and 40 (15.6%) had a ponderal index below 

the 25th percentile. 

Two hundred and fifty eight cases had complete ultrasound and maternal data (FAA, FAA velocity, 

cEFW, AFI and pulsatility index) with one or both ponderal index and/or skinfold thickness centiles (242 

and 226 respectively); it is these 258 cases which forms the population undergoing further analysis. For 

these 258 cases with complete ultrasound data and at least one measure of growth achievement the mean 

and range of the Z scores were: FAA -1.8 (0.44 to -3.9), FAA velocity -0.13 (2.87 to -3.1), AFI -0.6 

(2.93 to -2.8) and pulsatility index 0.08 (-1.28 to 2.7). The mean and range of cEFW was 39 (0.6 to 99.8). 
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Fig la: Plot of standard deviation (Z) scores for AFI and umbilical artery PI for cases with FAA Z scores 

>-2.5 (AFI2SDS = Z score for the Amniotic Fluid Index. PI2SDS= Z sore for the umbilical artery Doppler 

-12 -.8 -.4 0 .4 .8 1.2 1.6 2 2.4 2.8 
PI2SDS 

Fig lb: Plot of standard deviation (Z) scores for AFI and umbilical artery PI for cases with FAA Z scores 

<-2.5 (AFI2SDS = Z score for the Amniotic Fluid Index. PI2SDS= Z sore for the umbilical artery Doppler 

-1.2 -.8 - 4 0 .4 .8 12 1.6 2 2.4 2.8 
PI2SDS 

The distribution of the values for AFI and umbilical artery Doppler PI for both small (FAA Z score <-2.5) 

and appropriate sized fetuses (FAA Z score >-2.5) is presented in figures la,lb (a FAA Z score of-2.5 

was chosen after inspection of the ROC curve3). There is a wide range of values for AFI and umbilical 

artery recorded amongst both small and appropriately sized subjects. 

Tests for predicting Ponderal Index <25,h centile showed that the areas under the ROC curves for FAA, 

FAA velocity and cEFW alone were 0.819 (0.748-0.891), 0.784 (0.699-0.869) and 0.74 (0.643-0.837) 

respectively. The stepwise addition of information from the AFI increased the area only slightly to 0.82 

(0.747-0.894), 0.787 (0.702-0.871) and 0.75 (0.652-0.847) respectively. Combining fetal size and growth 
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measures with the pulsatility index resulted in areas of 0.829 (0.758-0.901), 0.817 (0.734-0.901) and 0.762 

(0.669-0.856). The full model consisting of one of the fetal size and growth tests (FAA, FAA velocity, 

cEFW), AFI and pulsatility index increased the area to 0.831 (0.758-0.904), 0.817 (0.735-0.899), and 

0.766 (0.672-0.859). (Table 1) The results for the combination of tests in the prediction of skinfold 

thickness <10Ih centile showed a pattern similar to that observed above for the ponderal index (appendix). 

Table 1: Accuracy of three ultrasonic fetal biometric tests in the prediction of intrauterine growth 

restriction and the additional benefit of measuring amniotic fluid index (AFI) and pulsatility index (PI) of 

the umbilical artery. 

Neonatal 
Outcome 

Ponderal Index 

Regression models for 
estimating accuracy of 
combinations of tests* 

Fetal biometry test alone 
Fetal biometry test + AFI 
Fetal biometry test + PI 
Fetal biometry test +AFI + PI 

Ultrasonic Fetal Biometric Tests 
Fetal Abdominal 
Area 

0.819(0.748-0.891) 
0.82 (0.747-0.894) 
0.829(0.758-0.901) 
0.831(0.758-0.904) 

Velocity of Fetal 
Abdominal Area 

0.784 (0.699-0.869) 
0.787(0.702-0.871) 
0.817(0.734-0.901) 
0.817(0.735-0.899) 

Customized Estimated 
Fetal Weight 

0.74 (0.643-0.837) 
0.75 (0.652-0.847) 
0.762 (0.669-0.856) 
0.766 (0.672-0.859) 

*Accuracy estimation based on logistic regression models using neonatal ponderal index < 25'h centile as the outcome variable. Predictor variables 
included one of the fetal biometry tests with or without AFI and/or umbilical artery PI. 
Data presented as area under receiver operating characteristic curve (95% Confidence intervals) 

Discussion 

This study demonstrates a stepwise, multivariable approach for combining diagnostic tests of fetal growth 

and fetal wellbeing in the prediction of infants with anthropometric features of intrauterine growth 

restriction. We selected neonatal anthropometry as our outcome measure rather than birthweight for 

gestational ages since anthropometric measures correlate more closely with subsequent short and long-

term outcomes for the infant23"24. 

Previously published univariable analyses have outlined the potential and limitations of several of these 

parameters in the study population and in other populations 2'3-4'25 but until now there has been no 

published description of the appropriate methodology for combining test performances in the prediction of 

IUGR. In this study, multivariable analyses, built to reflect the clinical sequence in which a variety of 

diagnostic tests might be employed showed that the addition of information from amniotic fluid volume 

evaluation and Doppler examination of the umbilical arteries to any of three measures of fetal biometry 

only marginally increased the ability to correctly identify IUGR. 

We chose to add estimates of amniotic fluid volume and umbilical artery Doppler resistance to fetal 

biometry since they provide information on different aspects of placental function and pathology 26'27. The 

results of this study should not be interpreted as suggesting that umbilical artery Doppler is not a useful 

test in the clinical management of the SGA or high-risk pregnancy where the end-point is fetal or neonatal 
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hypoxia/acidosis. These outcomes are uncommon in low-risk pregnancies and a much larger population 

would be required to evaluate the addition of umbilical artery Doppler to biometry using the methodology 

described here. 

Currently, diagnostic research tests are often evaluated as if they provide information independently of 

each other. Estimates of diagnostic accuracy derived in this way ignore information that may have already 

been obtained from prior testing in the diagnostic process. Such an approach can lead to erroneous 

inferences and may artificially inflate the value of test combinations. 

We further compared the diagnostic probabilities generated by a simple Bayesian approach (assuming 

complete independence of fetal growth and wellbeing) with those derived from the multivariable model 

described here (which takes account of the overlap of information between the tests). When employing 

FAA Z score as the measure of fetal size, figure 2 illustrates that the simple Bayesian approach 

overestimates the probability of correctly identifying IUGR by almost 20%. This highlights the potential 

for bias inherent in simple diagnostic analyses without logistic regression modelling. This overestimation 

of disease probability can have an adverse impact on clinical decision-making, an issue requiring further 

investigation. 

Probabilities from simple Bayesian approach 

-Probabilities from logistic regression 

p e t a j Fetal Abdominal Fetal Abdominal Area 
baseline Abdominal A r c a positive * positive - Amniotic Fluid 
prevalence Area positive Amniotic Fluid Index positive - Pulsatiliry 

Index positive Index positive 

Fig. 2: Predictions of probabilities for Ponderal Index below the 25th percentile combining information 

from estimates of fetal size, AFI and umbilical artery Doppler. Comparison of a simple Bayesian approach 

and logistic regression modeling (see text for details). Optimal cut-off values for a positive test result were 

chosen using ROC curves (FAA -2.5; AFI -0.8; PI 0.6)W5. 

Our inferences based on the analysis of ROC areas should be seen in the context of hypothesis generation; 

this is because a ROC curve is derived using the entire range of possible cut-offs of a positive test result. 
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In clinical practice tests are usually applied at a specific cut-off for a positive result therefore clinical 

decisions are only made at specific parts of the ROC curve. In addition, comparisons of diagnostic 

strategies based on the ROC area can become problematic if the curves differ in their shape and especially 

if their lines cross 28. 

We believe this paper provides guidance for future research involving larger data sets but cannot be used 

for defining clinical practice at this initial stage. There is currently no consensus on the most appropriate 

method of sample size calculation for multivariable analyses but a study should aim to have at least 10 

cases with the condition per diagnostic variable analysed. For example, if a condition has a prevalence of 

10% and five variables or indicators are included a minimum number of 500 cases is required 29To further 

guide clinical decision making, evaluations of test performances and the cost-consequences from testing 

(or not testing) at clinically meaningful treatment thresholds of different diagnostic strategies will be 

required. 
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Appendix 

Accuracy of three ultrasonic fetal biometric tests for prediction of intrauterine growth restriction and the 

additional benefit of measuring amniotic fluid index (AFI) and pulsatility index (PI) of the umbilical 

artery. 

Neonatal 
Outcome 
Skinfold thickness 

Regression models for estimating 
accuracy of combinations of tests* 

Fetal biometry test alone 
Fetal biometry test + AFI 
Fetal biometry test + PI 
Fetal biometry test +AFI + PI 

Ultrasonic Fetal Biometric Tests 
Fetal Abdominal Area 

0.802(0.719-0.885) 
0.83 (0.747-0.912) 
0.82 (0.745-0.896) 
0.843(0.766-0.921) 

Velocity of Fetal 
Abdominal Area 

0.742 (0.653-0.832) 
0.786 (0.7-0.872) 
0.791 (0.702-0.88) 
0.821 (0.742-0.9) 

Customized Estimated 
Fetal Weight 

0.806(0.731-0.88) 
0.834 (0.76-0.908) 
0.824(0.753-0.895) 
0.845(0.773-0.917) 

* Accuracy estimation based on logistic regression models using neonatal skin fold thickness < 10th centile as the outcome variable. Predictor 
variables included one of the fetal biometry tests with or without AFI and umbilical eretry PI. 
Data presented as area under receiver operating characteristic curve (95% Confidence intervals) 
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Chapter 8 

Abstract 

Objective: To develop an analytical approach to estimate the probability of endometrial hyperplasia and 

cancer in women with postmenopausal bleeding, using a combination of patient history and tests. 

Methods: A prospectively collected database of 428 postmenopausal women investigated for abnormal 

uterine bleeding in an outpatient rapid access clinic was used. The probability of disease was estimated 

using multi variable logistic regression models considering a combination of age and the use of hormone 

replacement therapy and tests (ultrasound and hysteroscopy) in keeping with the actual clinical process. 

Results: The prevalence or prior probability of endometrial cancer in the sample studied was 4.4%. 

Hysteroscopy alone performed better than ultrasound alone. In all patients, a negative hysteroscopy 

reduced the probability of cancer to 1.3%. In women less than 60 years of age who use hormone 

replacement therapy, a negative hysteroscopy further reduced this probability to 0.1%. Overall, a positive 

hysteroscopy raised the probability of cancer to 38.9%. However, in women over 60 years of age not using 

hormone replacement therapy, a positive hysteroscopy increased this probability to 59.4%. Combining 

ultrasound results with hysteroscopy did not meaningfully alter the diagnostic probability. 

Conclusion: The combination of information obtained from patient history and tests allows generation of 

specific disease probabilities in postmenopausal bleeding. This type of multivariable analysis puts 

diagnostic information gained from history and other tests into a perspective that reflects actual clinical 

practice. 
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Introduction 

Diagnostic procedures are a critical part of the clinical process because a correct and timely diagnosis 

allows the opportunity for effective and efficient patient management strategies to be employed. Accurate 

diagnosis reduces the risk from unnecessary therapy and optimizes use of limited resources. ' 2 The 

clinical process leading to a medical diagnosis is usually based on information acquired from the clinical 

history and physical examination, in conjunction with results of diagnostic procedures.3 Studies 

evaluating accuracy of such diagnostic tests in isolation from the rest of this diagnostic process do not 

indicate how useful the test will be in practice4 5. This is because the true clinical value of a test lies in the 

added information it provides over and above what is already known from the history and examination. 

Therefore diagnostic test evaluation within the context of clinical practice is essential. 

The application of multivariable approaches in the evaluation of diagnostic tests 6 allows integration of 

information from various components of the diagnostic process. Systematic reviews of ultrasonography7 

and hysteroscopy 8 have identified over 100 individual accuracy studies, none of which used a 

multivariable analysis. In this paper, we examine the feasibility of developing such an approach for 

diagnosis of endometrial hyperplasia and cancer in women with postmenopausal bleeding. 

Materials and methods 

The database 

From July 1999 to July 2001, information on all consecutive women presenting to our Rapid Access 

Ambulatory Diagnostic (RAAD) hysteroscopy clinic for investigation of abnormal uterine bleeding was 

collected. Patients were referred to this clinic for investigation of postmenopausal bleeding and persistent 

(> 3 months) unscheduled bleeding on hormone replacement therapy by general practitioner or 

gynecologists. There were 428 patients in total, 154 with persistent unscheduled bleeding on hormone 

replacement therapy. Data were prospectively recorded on patients' age at presentation, use of hormone 

replacement therapy and presence of diabetes or hypertension on a specific, dedicated computerized 

database. Patients took any type of the various preparations of hormone replacement therapy available i.e. 

monthly, three-monthly or continuous combined non-withdrawal bleed preparations. No patient was 

taking unopposed estrogen replacement therapy. The median age at presentation was 54 years 

(Interquartile range 48.3-61.0 years). 

All women had a pelvic ultrasound scan, outpatient hysteroscopy and endometrial biopsy. As previously 

described, pelvic transvaginal ultrasonography was performed using an endovaginal 6.5 MHz 

transducer of a scanner (Hitachi Sumi, Japan). Double layer endometrial thickness was measured in mm, 

and thickness of 5mm was used as a cut-off for endometrial pathology ". Mini-hysteroscopy was 

performed using a 1.2mm micro-hysteroscope with a 2.5mm rigid outer sheath (Karl Storz, Tuttlingen, 

Germany) in the majority (78%) of women and the 2.5 mm Versascope® (Gynecare, Edinburgh, UK) in 
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the remainder. The depth of the endometrial mucosa was assessed by applying light pressure with the 

hysteroscope. Hysteroscopic features of smooth non-vascular endometrium were considered normal, while 

increased endometrial thickness, abnormal vascularisation, or irregularity, friability, bleeding or necrotic, 

polypoid formations were considered suspicious 

To confirm the diagnosis of cancer or hyperplasia, outpatient endometrial biopsies were performed using 

the pipelle' sampler (Laboratoire CCD, Paris, France). This device is highly accurate in diagnosis of 

endometrial pathology '5 16. Histological diagnoses were classified as negative (benign endometrium and 

benign polyps), or positive (endometrial hyperplasia and carcinoma) based on the pathology report. In 

patients where outpatient biopsy was inadequate, inpatient endometrial sampling was performed under 

anesthesia. All patients were followed up for a minimum of 6 months and recurrent symptoms were used 

as an indication for reassessment. There were 19 cases of cancer and 34 cases of hyperplasia in the 

database. 

Logistic regression analysis 617 was used to delineate the predictive values of features from the clinical 

history and results from ultrasound and hysteroscopy (independent variables) using endometrial cancer as 

the binary dependent (outcome) variable. Endometrial disease, defined as cancer and/or hyperplasia, was 

used as the outcome variable in a second set of regression analyses. We initially performed univariable 

analyses followed by multivariable modelling. 

Univariable Analysis 

Univariable analyses were run using SPSS® statistical software (Version 10.0 SPSS Inc. 2001. Chicago, 

Illinois, USA). For the historical features the following variables were used: age at presentation, use of 

hormone replacement therapy (n=154), and co-existent diabetes (n=26) or hypertension (n=131), in 

addition to results from testing with ultrasonography and hysteroscopy. Age at presentation was 

categorized into categories over and under 60 years. This cut off was chosen using a receiver operating 

characteristics (ROC) plot, which revealed the optimal age to discriminate between cancer being present 

or absent. Ultrasonic endometrial thickness greater than 5mm and suspicious findings on hysteroscopy 

were considered positive results. Preliminary analyses using different cut-off values for a positive 

ultrasound result showed that 5mm performed best in the database. Following this procedure only 

patient's age, use of hormone replacement therapy, ultrasonography and hysteroscopy were found to have 

a strong association with endometrial cancer and disease (p<0.1). Thus they were chosen for the 

multivariable modelling described below. 

Multivariable analysis 

Four multivariable diagnostic models were produced; patient history (age and hormone replacement 

therapy use) alone (model 1), patient history plus ultrasonography (model 2), patient history plus 
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hysteroscopy (model 3) and patient history plus ultrasonography and hysteroscopy (model 4). The first 

model was built to provide empirical probability estimates of endometrial cancer and disease for the four 

possible combinations of the historical variables age and use of hormone replacement therapy. In models 2 

and 3 we separately estimated the conditional disease probabilities associated with ultrasonography and 

hysteroscopy findings based on the patient history used in the first model. This allowed us to evaluate how 

the findings of the tests, added to the patient history, altered disease probabilities. Finally, in model 4, we 

determined the disease probabilities for a combination of these profiles and tests. This approach mirrors 

the real clinical situation where historical information is acquired prior to undertaking investigation with 

ultrasound scan or hysteroscopy. 

Receiver operating characteristic curves 

The predictive value of each model was initially summarized by plotting the estimates of sensitivity (true 

positive rates) against 1- specificity (false positive rates) to develop a receiver operating characteristic 

(ROC) curve that characterized the performance of the particular diagnostic model18 '9 (figures not 

shown). This is a commonly used approach in both primary and secondary research for evaluating 

diagnostic accuracy of tests " 2 0 2122 23 An area under the ROC curve provides information of the entire 

range of test results. A ROC area of 0.5 describes a non-informative test whereas a ROC area of 1.0 

represents a test that discriminates perfectly between disease presence and absence. The ROC curves 

generated from logistic regression modelling and their respective areas under the curve (ROC area) were 

compared. This approach allowed a traditional examination of the multi variable approach in evaluation of 

test combinations. 

Diagnostic probability estimation 

Multivariable logistic regression analysis allows one to generate the probability of presence of endometrial 

cancer and disease as a function of the historical features and test results directly taking into account any 

overlap of information that may exist between them. As our objective was to generate conditional disease 

probabilities, the models described above were used to estimate the probability of cancer or disease 

(cancer plus hyperplasia) for each individual patient. These estimates represented a probabilistic 

transformation of the observed values of the profiles and tests included in the models. Estimated 

probabilities range from 0-1, with 0 indicating definite absence of disease and 1 indicating definite 

presence. We converted probability fractions to percentages (range 0%-100%) to allow easier 

interpretation. 

Results 

Comparison of diagnostic models 

The area under ROC curve for the patient profiles based on patient age (> 60 years) and use of hormone 

replacement therapy was 0.8 (95% CI 0.7-0.9) for predicting endometrial disease. The stepwise adding of 
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ultrasound increased the area to 0.82 (95% CI 0.73-0.91). The historical features combined with the result 

of the hysteroscopy generated an area of 0.910 (95% CI 0.83-0.98). The full model consisting of the 

patient history, an ultrasound and a hysteroscopy increased the area only marginally (0.914 (95% CI 0.83-

0.99)). This comparison of the models suggests that statistically there is not much incremental value of 

testing with ultrasound. 

Estimates of diagnostic probabilities 

The prevalence or prior probability of endometrial cancer in the sample studied was 4.4%. In all patients 

(disregarding the patient history), ultrasound endometrial thickness of <5mm reduced the probability of 

cancer to 3.5% while thickness of >5mm raised it to 5.5%. On the other hand, a normal hysteroscopy 

reduced the probability of cancer to 1.3% while an abnormal hysteroscopy raised it to 38.9%. 

Table 1 and 2 show the conditional probabilities generated from regression models 1 and 2 and models 1 

and 3 respectively. Using patient profile information, a negative ultrasound result was associated with a 

0.2% probability of cancer in women less than 60 years of age using hormone replacement therapy. A 

positive ultrasound result was associated with a 16.2% probability in women over 60 years of age not 

using hormone replacement therapy. For hysteroscopy, a negative result was associated with a 0.1% 

probability of cancer in women less than 60 years of age using hormone replacement therapy, whereas a 

positive result was associated with a 59.4% probability in women over 60 years of age not using hormone 

replacement therapy. 

Table 1: Estimated probabilities of endometrial hyperplasia and cancer from logistic regression model that 

addresses the risk information obtained from history along with the information obtained from 

endometrial ultrasound (95% Confidence Interval) 

Patient profile 
Age (years) HRT 

Probability of Endometrial Cancer 
<60 
<60 
>60 
>60 

All Patients 

yes 
no 
yes 
no 

Probability of Endometrial Hyperp 
<60 
<60 
>60 
>60 

All Patients 

yes 
no 
yes 
no 

Estimated 
Probability 

0.2% (0.01-2) 
1.1% (0.01-4) 
2.7% (0.01-17) 
12.9% (8-20) 

4.4% 

asia and Cancer 
5.7% (3-11) 
10.4% (5-20) 
11.3% (7-17) 
19.8% (14-27) 

12.4%(9.4-15.4) 

Ultrasound 
< 5 mm 

0.2% (0.01-2) 
0.3% (0.01-3) 
0.9% (0.01-4) 
1.6% (0.01-7) 

3.5% 

2.4% (1-6) 
4.5% (2-12) 
5.3% (3-10) 
8.3% (4-16) 

6.0% 

> 5 mm 

2.2% (0.01-15) 
3.8% (0.01-24) 
9.7% (5-19) 
16.2% (9-28) 

5.5% 

9.7% (5-17) 
14.8% (7-30) 
17.3% (11-27) 
28.6% (19-41) 

17.6% 
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Table 2: Estimated probabilities of endometrial hyperplasia and cancer from logistic regression model that 

addresses the risk information obtained from history along with the information obtained from 

hysteroscopy. (95% Confidence Interval) 

Patient profile 
Age (years) 

Probability of Endometria 
<60 
<60 
>60 
>60 

All Patients 

HRT 

Cancer 
yes 
no 
yes 
no 

Probability of Endometrial Hyperplasia 
<60 
<60 
>60 
>60 

All Patients 

yes 
no 
yes 
no 

Estimated 
Probability 

0.2% (0.01-2) 
1.1% (0.01-4) 
2.7% (0.01-17) 
12.9% (8-20) 

4.4% (2.7-6.9) 

and Cancer 
5.7% (3-11) 
10.4% (5-20) 
11.3% (7-17) 
19.8% (14-27) 

12.4% (9.4-15.4) 

Hysteroscopy 
Negative 

0.1% (0.01-1) 
0.5% (0.01-2) 
0.7% (0.01-7) 
3.5% (0.01-27) 

1.3% (0.5-3) 

3.7% (2-8) 
4.4% (2-11) 
9.1% (6-14) 
10.8% (7-17) 

7.9% (5.6-10.9) 

Positive 

3.7% (1-9) 
16.1% (4-49) 
21.6% (3-71) 
59.4% (39-77) 

38.9% (34.6-44) 

41.4% (22-64) 
46.1% (24-70) 
64.9% (43-82) 
69.1% (51-83) 

61.1% (56.2-65.6) 

Table 3 shows the estimated diagnostic probabilities from regression models 1 and 4. Combining 

ultrasound results with hysteroscopy did not markedly improve the diagnostic probability over that 

obtained from hysteroscopy and patient history, especially in the case of a negative test in combination 

with favorable patient profiles. The 4.4% prior probability of cancer was reduced to 0.1% by a negative 

result on both ultrasound and hysteroscopy in women less than 60 years of age using hormone 

replacement therapy. A positive test result on both ultrasound and hysteroscopy raised the diagnostic 

probability to 68.6% in women over 60 years of age not using hormone replacement therapy. 

The diagnostic probabilities for endometrial cancer plus hyperplasia are also shown in Tables 1-3. 
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Table 3: Estimated probability of endometrial hyperplasia and cancer from logistic regression model that 

addresses that the risk information obtained from history along with the information obtained from 

ultrasound and hysteroscopy. (95% Confidence Interval) 

Patient profile Estimated 

Age (years) HRT Probability 

Ultrasound and Hysteroscopy 

Ultrasound < 5 mm 

Hysteroscopy Negative 

> 5 mm < 5 mm 

Positive 

> 5 mm 

Positive 

Probability of Endometrial Cancer (95% CI) 

<60 

<60 

>60 

>60 

All Patients 

yes 

no 

yes 

no 

0.2% (0.01-2) 

1.1% (0.01-4) 

2.7% (0.01-17) 

12.9% (8-20) 

4.4%(2.7-6.9) 

Probability of Endometrial 
Hyperplasia and Cancer (95% CI) 

<60 

<60 

>60 

>60 

All Patients 

yes 

no 

yes 

no 

5.7% (3-11) 

10.4% (5-20) 

11.3% (7-17) 

19.8% (14-27) 

12.4%(9.4-15.4) 

0.1%(0.01-1) 0.2% (0.01-2) 3.9%(0.01-28) 6.4% (0.01-48) 

0.50% (0.01-3) 0.85% (0.01-4) 18.2% (4-56) 27.4% (10-43) 

0.53% (0.01-6) 0.9% (0.01-9) 18.9% (2-68) 39.6% (27-51) 

2.8%(1-11) 4.7%(2-12) 56.3%(33-77) 68.6%(35-90) 

0.8% (0.03-2.0) 1.9% (0.8-3.7) 34.8% (30.5-39.8) 55.1% (50.8-60.4) 

1.8% (1-5) 

5.6% (3-11) 

1.9% (1-7) 

6.1% (3-12) 

4.4% (2-10) 

13.1% (7-22) 

4.8% (2-14) 

14.2% (8-25) 

24.5% (9-53) 

51.5% (27-76) 

35.6% (25-46) 

53.8% (30-76) 

45.4% (23-70) 

73.1% (49-88) 

47.7% (24-73) 

74.9% (55-88) 

4.8% (3.1-7.4) 10.0% (7.4-13.3)45.6% (40.8-50.4) 65.1% (60.2-69.5) 

Comment 

This study demonstrates the development and feasibility of a stepwise, multivariable approach for 

evaluating the diagnostic usefulness of tests taking into account other components of the clinical process. 

Univariable analyses suggested the potential value of historical features (age and use of hormone 

replacement therapy), ultrasonography and hysteroscopy in the prediction of serious endometrial disease 

(hyperplasia or cancer) in women with postmenopausal bleeding. However, multivariable analyses, built 

to reflect the clinical context in which the diagnostic tools would be employed, showed that only 

hysteroscopy increased the prediction of serious endometrial pathology above that achieved by patient age 

and use of hormone replacement therapy. The use of ultrasonography did not meaningfully alter the 

probability. These results need confirmation in larger datasets. 

Systematic quantitative reviews of ultrasonography 7 and hysteroscopy 8 have however, suggested that 

both have high individual accuracy in predicting endometrial cancer and hyperplasia. This is not 

surprising given that diagnostic tests are evaluated for accuracy against a reference standard, often in 

isolation from the clinical context in which they will be used i.e. after a thorough history (and physical 

exam). Estimates of diagnostic accuracy derived in this way, ignore information that may have been 
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acquired earlier in the diagnostic process. Such an approach can lead to erroneous inferences and may 

artificially inflate the value of diagnostic tests (4) (5). Moreover, combining estimates of accuracy 

obtained in this way using Bayes' theorem, may also exaggerate the value of a diagnostic strategy. In this 

approach independency of the separate diagnostic tests is assumed but in reality tests are usually not 

completely independent. This is because the focus of different tests is on different, but usually interrelated, 

aspects of the same pathology. To demonstrate this we compared the diagnostic probabilities generated by 

a simple Bayesian approach (assuming complete independency of patient history and tests) with those 

derived from the multivariable model (which takes account of the overlap of information between history 

and tests). As shown in figure 1, the simple Bayesian approach overestimated the probability by almost 

20%. This highlights the potential for bias inherent in the simple diagnostic analyses. However, diagnostic 

workup is carried out to determine whether treatment should be used or not, and these decisions are made 

according to implicit or explicit clinical decision-thresholds 24. Therefore, overestimations of disease 

probability will only be important when they cross these clinical thresholds and change therapeutic 

decisions. This issue needs further investigation. 

Figl 

Prediction of probability of endometrial cancer using patient profile and tests: Comparison of a simple 

Bayesian with a multivariable approach 

^50 .0 

•Z 40.0 

f 

Probabilities from simple Bayesian approach 

. . . + . . . Probabilities from multivariable analysis 

Baseline Age 
Prevalence > 60 years 

HRT 
Non-user 

Ultrasound Hysteroscopy 
>5 mm positive 
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We first summarized the accuracy of the four diagnostic models by producing ROC curves and calculating 

the areas under the curves produced. This approach enables comparison of the four models by analyzing 

the difference in magnitude of the ROC areas. A difference between areas is then used to select the best 

one of the diagnostic strategies. But this process is not clinically intuitive and it does not facilitate 

meaningful interpretation of the results in the diagnostic work up. Therefore, we calculated disease 

probabilities to summarize diagnostic performance as this approach assists clinical interpretation and 

allows estimation of the level of probability for an individual patient using a combination of patient 

history and tests. This approach is more useful in aiding clinical decision-making. This is because it allows 

the added value of tests to be determined in light of information already available to the clinician from the 

history, thereby reflecting the real clinical situation. Furthermore, by incorporating individual patient 

profiles, estimates of disease probabilities can be made according to a particular patient profile. Our data 

suggests that patients under 60 years of age and currently using hormone replacement therapy have a 

reduced likelihood of endometrial cancer. Any protective effect of opposed hormone replacement therapy 

on endometrial cancer however, appears to depend upon the progestogen component, patterns of use and 

other patient characteristics such as body weight and history of diabetes 25 26. The lower risk of 

endometrial cancer among women taking HRT may have occurred because women on HRT are more 

likely to be referred with abnormal bleeding due to HRT rather than due to underlying pathology. Clearly 

further work using a larger database is required to address these questions. 

One interpretation of our findings could be that ultrasound at 5mm cut off did not give any additional 

prediction for endometrial cancer if hysteroscopy was already performed, so if hysteroscopy is an option 

ultrasound may be omitted. A different cut off for ultrasound might produce a different interpretation. 

These issues need exploration in a larger study. 

We have previously explored the use of multivariable regression models in the diagnosis of endometrial 

disease using a small data set demonstrating that diagnostic analyses can be constructed to reflect clinical 

practice 21. In this paper we develop our analytical strategy further, however, our results for diagnostic 

accuracy of ultrasound scan and hysteroscopy should be interpreted in the context of hypothesis 

generation. Further studies using larger data sets will need to be carried out using the analytical techniques 

outlined in this paper to determine the contribution of various tests used in women with postmenopausal 

bleeding. 
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Chapter 9 

Abstract 

A new initiative to undertake individual patient data meta-analysis using the raw data from primary 

diagnostic accuracy studies is described. The limitations of conventional diagnostic accuracy studies and 

their reviews are contrasted with the advantages of successful individual patient data meta-analysis. 

Among other advantages, we highlight the opportunity to calculate directly clinically applicable disease 

probabilities corresponding with realistic chains of tests that make up most everyday diagnostic work-ups 

and the increase in the number of events of interest (disease). The latter increases the data-analytic 

flexibility a great deal when the target event is rare. 
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Introduction 

We would like to obtain directly clinically applicable predictive probabilities that a woman has 

endometrial cancer based on the results of commonly used series of diagnostic tests. Clinical history items 

are included in the series. To obtain these estimates of probability, we intend to undertake individual-

patient-data meta-analysis (IPD-MA). Briefly, these post-test probabilities will be derived from logistic 

regression analyses of primary data. Thus taking into account both mutual dependencies between test 

results and the fact that the data stem from different studies. In this contribution, we explore the scope and 

limitations of IPD-MA in diagnostic research. 

IPD-MA may be defined as the calculation of an appropriate summary measure across primary empirical 

studies using the raw data collected during these primary studies. In practice, the major challenge is not so 

much analytical, but winning over the investigators, who carried out the primary or component studies to 

provide the meta-analysts with their raw data. In this respect, mutual trust and esteem, and publication as a 

collaborative group are the key issues. Why - in principle - should meta-analysis on the basis of IPD-MA 

be more valuable than meta-analysis based on data from published papers? The following reasons can be 

identified for meta-analysis of randomised trials. First, in as far as the publications may lack full 

description of important details present in the study protocols, access to the protocol enhances judgments 

about the exact study methods that were used. These insights may well have consequences for the meta

analysis. Second, the raw data enable the meta-analysts to perform standardized consistency checks on 

aspects of the data that (some of) the primary investigators may have omitted. Third, possibly unnecessary 

omissions of certain patients from the published analyses may be corrected, thus minimizing the risk of 

selection bias, and improving the adherence to the intention-to-treat principle, in particular. Fourth, 

different data-analytic approaches between the primary studies, which often hamper the calculation of 

meta-analytic summary measures based on published work, can be overcome. For example, uniform cut 

points for confounding variables and/or outcome phenomena may be chosen l". Other examples include 

the option to perform time-to-event analyses and greater flexibility to carry out subgroup analyses. These 

issues have been known at least since 1995. 

Let us now turn to diagnostic research to explore the extent to which the above-mentioned advantages of 

IPD-MA might apply to diagnostic research. 

Diagnostic accuracy studies: their scope and their limitations 

Over the past decades, in chapters devoted to diagnosis, textbooks of clinical epidemiology typically dealt 

with the concepts of sensitivity and specificity, selling these as constants of nature. In addition, the two-

by-two contingency tables feature importantly, although in clinical practice most tests have (many) more 

than two possible test results. A realistic diagnostic work-up consisting of a chain of inter-linked items 

derived from demographics, pieces of the clinical history and physical examination, and possibly tests 
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(laboratory, imaging and other technology) was reduced - with just about Procrustean methods - to a two-

by-two table problem! This then served as a starting point for sometimes high-level statistical 

manipulations of what are in essence unrealistic data. In the 1980s and 1990s the likelihood ratio (LR) too 

gained popularity in textbooks and journal reports, but in today's practice we know hardly any clinicians 

that understand these statistics, let alone use them in their clinical work. Those clinicians that have studied 

the LRs usually memorize their formulas in terms of (1 minus) sensitivity and (1 minus) specificity, thus 

almost nullifying any potential advantages. Luckily, perhaps to these clinicians' relief- and mass 

screening aside - these summary measures for test accuracy are likely to be invalid when used in series of 

tests as is by far the commonest situation in clinical practice. The calculation with a reasonable degree of 

precision of the so-called conditional LRs taking into account the common situation that a particular result 

on the first diagnostic test changes the probabilities of the results on the ensuing tests requires very large 

study populations and is generally considered infeasible4. By contrast, in the more statistically oriented 

literature, the advantages of tackling diagnostic problems in a logistic regression framework were 

highlighted at least as early as 1976 5 and reiterated more recently by Miettinen et al.6;7 These models 

allow a direct estimation of the post-test (-chain) disease probabilities or 'predictive' values that the 

clinician wants, making any preoccupation with Bayes' Rule or Fagan's nomogram, or even the estimated 

odds ratios from the model, unnecessary. 

Investigators conducting systematic reviews of diagnostic accuracy studies generally face huge problems 

to judge basic (validity) aspects of the underlying studies. Deeks stated that"[...] meta-analyses of 

diagnostic test accuracy studies are hindered by a lack of appreciation and knowledge of the important 

aspects of study design, poor standards of reporting, and publication bias."8 Obviously, all sophisticated 

techniques such as meta analysis and meta-regression ultimately rely on validity of study methods. Other 

statistical advances, such as summary receiver operating characteristics curves are not interpretable easily. 

The second column of table 1 summarizes the issues around diagnostic test accuracy studies that we 

discussed in this section. 

Individual patient data meta-analysis of diagnostic studies: its scope and its limitations 

Our work - both primary and review - on the diagnosis of endometrial cancer in women who present with 

vaginal blood loss prompted us to explore the idea of IPD-MA in diagnostic research. The third column in 

the table summarizes the issues that we discuss in more detail below. 

Similar to IPD-MA of randomised trials, for diagnostic studies too, access to study protocols and primary 

investigators in a collaborative setting is likely to improve insight in the true study procedures. Since the 

numbers of cases with endometrial cancer proved to be low in our own databases, we were limited in our 

statistical modeling options that require between 5 and 10 cancer cases for each variable in the model.9'10 

Obviously, IPD helps to fix this since the pooled absolute number of cancer cases in the raw data files 

from numerous studies will be much greater. 
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Table 1: Distinctions between meta-analysis based on publications and meta-analysis based on individual 

patient data, in which raw data obtained from the primary investigators is used. 

Meta-analysis based on published papers Individual-patient-data meta-analysis 

Relatively unproblemalic applications or areas / Opportunities 

Single test situations (mass screening) Access to study protocols 
Multiple tests that focus on aspects of the target condition More occurrences of the target events extending the 
that are truly independent pathophysiological^ (this should mathematical modeling options (e.g. interactions between tests) 
never be or not be assumed lightly) 

Summary measure is a (set of) diagnostic function(s) that allow 
easy translation into the clinically useful probability of disease 
given all test results 
Determination of optimal test sequence 
Given some data on utility judgments and/or costs, formal 
decision analysis may be performed (using log-linear models to 
estimate absolute frequencies of test results) 

Relatively problematic areas 

Multiple tests used in diagnostic work-up and (statistical) Establish collaborations ensuring access to the bulk of primary 
dependence between test results likely data 
Important details lacking in primary papers Primary investigators did not collect data on test results of all 
Same technology tested at different device settings (e.g. the tests commonly used in the work-up 
image resolution, angle, etc) Same technology tested at different device settings (e.g. image 
Summary measures (dOR, sROC) difficult to apply in resolution, angle, etc) 
clinical practice Missing data on some test results or the reference standard 
Few occurrences of the target condition 

Current and potential future developments 

Standards for Reporting of Diagnostic Accuracy (STARD) Stimulus to primary investigators to coordinate research 
initiative ! activities (cf. Prospective Meta-Analysis)* 
Quality Assessment of Diagnostic Accuracy Studies Handling of missing values 
(QUADAS)$ Reporting formats for optimal use in different settings 

1 See main text for more detailed explanation 
; See wuwxonsort-sialemcnt.onz (further Initiatives). Although these initiatives target reporting of diagnostic accuracy studies, in time an effect on the actual conduct 

of studies is expected 
s An initiative by the NHS Centre for Reviews and Dissemination in York (UK) and the Dept. Biostatistics and Clinical Epidemiology in Amsterdam (Netherlands) 

See wv,-v..cochrane.de Cochrane nma.htm 

A perhaps unexpected but pleasant feature of the logistic model is that it supplies us with the very 

quantities clinicians are after, namely the probability of disease presence given a sequence of test results. 

Unlike its application in etiologic research, the investigator should not focus on the separate odds ratios 

for the different test categories, but instead focus on the distribution of the disease probabilities directly. 

The theoretically optimal and clinically most attractive result is the correct assignment - after all test 

results are known - of either a disease probability of 1 or 0 to each patient suspected of the target disease. 

In reality, of course many results between these extremes are observed. Statistical software now exists that 

has the ability to calculate so-called random-effects logistic regression analyses, which take into account 

the fact that the data are clustered within the various primary studies. This principle of leaving the primary 
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studies intact is also observed in meta-analysis of randomised trials. The ideal situation in which all 

patients underwent all tests in the chain of tests making up a complete work-up allows the determination 

of the optimal sequence of tests. With additional data on cost and (patient) utilities the conduct of formal 

cost-utility analyses is feasible if some estimations about the frequency of different test results are made. 

All methods have their drawbacks and limitations, so let us consider what they are in the case of 

diagnostic IPD-MA. First, IPD-MA heavily relies on capturing the bulk of the available valid data. Since 

members of our team performed extensive literature-based reviews without language restrictions, of 

diagnostic studies for endometrial cancer "1 2 , we probably have a fairly good idea about sources of 

primary research. A conventional MA is probably a good starting point for any IPD-MA. If the meta

analysis do not succeed to obtain the large majority of valid studies, some of the data-analytic advantages 

may disappear, depending partly on how selective data are 'missing'. Good judgments about the latter 

aspect are often difficult to make. Another important point is the amount of detail to be expected in the 

primary studies. 

Perhaps the most fundamental assumption in the proposed IPD-MA is that it captures patient-specific data 

on more than one test making up a realistic work-up. It may well be that some data files contain 

information on one test only, but hopes are high that many primary investigators collected data on 

demographics, clinical history and, perhaps, other tests. We know of at least 30 such studies from our 

review work. Third, to assume that all test procedures sailing under the same flag are truly the same 

procedure technically is hazardous. IPD meta-analysts would be in an ideal position to analyse potential 

differences in diagnostic power associated with specific characteristics of a particular procedure possibly 

suggesting the best way to carry out the procedure. For example, endometrial ultrasound may be reported 

with features like thickness, regularity or fluid. Finally, even if all the tests in a realistic test chain have 

been performed in all women in principle, missing data may still be a problem if, for some reason, in too 

many women some tests were omitted. In this respect, missing data on the final diagnosis are of special 

concern. 

The future of prospective IPD-meta-analysis 

An important spin-off associated with international collaboration in an IPD-MA context may be concerted 

planning of new research efforts. Such planning of new projects in consultation with the collaboration may 

lead to ways of data collection that greatly facilitates later IPD analyses. Second, some statistical issues 

warrant further research, such as the proper handling of missing data in diagnostic IPD. Input from 

statisticians is necessary. A final, but important issue is the development of easy-to-use reporting formats 

for end-users in daily practice. One may think of hand-held calculators that hide the mathematical model 

and only require the input of simple numbers depending on the nature of a test result '3. In simple cases, a 

table displaying the post-test probabilities and their confidence intervals for specific combinations of test 

results may all that is needed (see for example, table 2). The future may hold better options still. 
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Table 2: Shows probability estimations of a multivariable regression model using patient history (age and 

hormone replacement therapy use) plus ultrasonography and hysteroscopy. Data for this analysis were 

obtained from 4 studies including 591 patients. Probabilities were estimated using a random effects 

logistic regression model. 

Patient profile 

Age (years) HRT* Ultrasound < 5 mm 

Hysteroscopy Negative 

Ultrasound and Hysteroscopy 

> 5 mm < 5 mm 

Negative Positive 

> 5 mm 

Positive 

Estimated Probability 

<50 

>50 

>60 

>70 

>80 

<50 

>50 

>60 

>70 

>80 

All Patients 

yes 

yes 

yes 

yes 

yes 

no 

no 

no 

no 

no 

0.2% (0.04-1%) 0.4% (0.1-1.6%) 3.2% (0.6-14.9%) 5.8% (1.4-21.0%) 

0.4% (0.1-1.6%) 0.7% (0.2-2.8%) 5.8% (1.3-21.7%) 10.1% (2.9-29.9%) 

0.7% (0.2-2.6%) 1.2% (0.3-4.7%) 10.0% (2.5-32.7%) 17.1% (5.2-43.3%) 

1.2% (0.3-5.4%) 2.2% (0.5-9.3%) 16.9% (4.2^18.6%) 27.2% (8.2-60.9%) 

2.2% (0.4-11.1%) 4.0% (0.7-18.6%) 27.1% (6.4-70.0%) 40.6% (11.8-77.7%) 

1.1% (0.4-3.5%) 2.0% (0.7-5.6%) 15.7% (4.7-41.3%) 25.5% (10.0-51.3%) 

2.0% (0.8-4.9%) 3.7% (1.7-7.8%) 25.5% (10.5-50.0%) 38.5% (20.8-59.9%) 

3.7% (1.7-7.5%) 6.5% (3.0-13.6%) 38.4% (19.7-61.4%) 53.4% (35.0-70.9%) 

6.5% (3.3-12.4%) 11.3% (5.2-22.6%) 53.3% (30.4-74.9%) 67.7% (47.3-83.0%) 

11.2% (4.3-26.4%) 18.9% (7.2-41.1%) 18.9% (7.2-41.1%) 79.3% (56.3-91.9%) 

2.7% (1.3-5.3%) 3.7% (1.9-7.0%) 34.5% (17.9-56.0%) 42.7% (27.5-59.3%) 

* HRT = Hormone Replacement Therapy 

Conclusion 

Meta-analysis using data from individual patients do not exist yet. However, there is a clear need to 

explore it when - in a realistic test chain - many tests are used to arrive at a diagnosis. The main challenge 

lies in the successful establishment of an international collaborative group centred round a common 

diagnostic work-up. Once this has been achieved and primary data aggregated in a unique database, 

analyses resulting in a diagnostic function are fairly straightforward. The end result is a probability 

estimate of disease presence for each possible combination of test results ready for use in daily practice 

and updated on the basis of new data from collaboratively discussed new research. 
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Samenvatting 

Dit proefschrift is een bundeling van werk dat in ongeveer 3 jaar tijd is uitgevoerd. De inleiding bevat een 

vrij scherpe kritiek op veel van het bestaande diagnostische onderzoek. Centraal staat het idee dat de 

meeste diagnostische problemen buiten het gebied van het bevolkingsonderzoek meerdere tests behelsen 

die samen of na elkaar worden uitgevoerd. Uitgelegd wordt dat daaruit onvermijdelijk volgt dat de juiste 

analyse van diagnostisch onderzoek multivariabel van aard dient te zijn. Het gros van het gepubliceerde 

onderzoek veronachtzaamt dit. Omdat men moet roeien met de riemen die men heeft en een ruwe indruk 

ons soms toch iets kan leren, kan het nuttig zijn dit bestaande onderzoek te traceren in de grote 

electronische bibliografieën, Medline en Embase. Hoofdstuk 2 laat zien dat het zoekfilter voor 

diagnostische accuratessestudies dat anno 2002 in PubMed geïmplementeerd is verbeterd kan worden. Het 

begrip 'Number Needed to Read' wordt geïntroduceerd als de inverse van de precisie van een 

electronische search en maakt inzichtelijk hoeveel titels en abstracts men moet doornemen alvorens men 

weer een bruikbare referentie te pakken heeft. Opmerkelijk was de vondst dat de in PubMed geciteerde 

prestaties van het filter overdreven zijn. Hoofdstuk 3 is een iets minder uitgebreide toepassing van de 

principes uit hoofdstuk 2 toegepast op Embase, dat - zoals bekend - zich sterker op de Europese 

tijdschriften richt dan het Amerikaanse Medline. Het werk uit hoofdstuk 3 behoeft nog validering. 

Als de systematische reviewer goed gezocht heeft, is het werk pas goed begonnen. In de hoofdstukken 4 

en 5 treft U voorbeelden aan van twee systematische reviews. In hoofdstuk 4 wordt getracht de gepoolde 

likelihood ratio uit 14 studies, als beste schatting van de accuratesse van de cervco-vaginale fibronectine 

test, te combineren met systematisch samengebrachte informatie over de effectiviteit van behandeling 

gegeven een positieve, respectievelijk een negatieve fibronectine test. Een iets minder technische aanpak 

is gekozen in hoofdstuk 5 waarin U een review aantreft over de waarde van de zogenaamde Ottawa Ankle 

Rules om onnodige röntgenfoto's te vermijden bij mensen die hun enkel verzwikken. Interessant, maar 

wellicht ook teleurstellend is het te zien dat de meeste in ziekenhuizen werkende arsten de Ottawa Rules 

haast niet gebruiken, ondanks hun bewuste calibratie op bijna 100% sensitiviteit. 

De hoofdstukken 6a en 6b tonen - met gebruikmaking van gegevens uit de gynecologie - dat het probleem 

van de effectieve rapportage van diagnostische testuitslagen niet is opgelost. We tonen aan dat huisartsen 

de diagnostische waarde van een als positief afgegeven transvaginale echo behoorlijk overschatten. Het 

vermelden van de - evidence-based - cijfers over de sensitiviteit en specificiteit van de echo matigen het 

enthousiasme enigszins. Aanvankelijk meenden we dat de likelihood ratio van een positief echoresultaat in 

gebruikersvriendelijke taal gevat een goede oplossing bood. Nadere analyse bracht echter aan het licht dat 

dit voor een groot deel te wijten was aan artsen die de informatie "de kans dat U deze positieve echo

uitslag aantreft bij zieken is twee keer zo groot als de kans deze uitslag te vinden bij niet zieken" 

(likelihood ratio = 2) ten onrechte gebruikten om de vooraf-kans op endometriumkanker met twee te 

vermenigvuldigen. Zij werden niet aan het denken gezet omdat de resulterende kansen onder de 100% 

bleven. 

De hoofdstukken 7 en 8 illustreren dat de in de inleiding geuite kritiek op het naïeve gebruik van de regel 

van Bayes meer is dan academisch gevit. In een setting met meerdere diagnostische tests wordt 
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aangetoond dat na de naïeve toepassing van de regel van Bayes de achteraf-ziektekansen - d.w.z. nadat 

alle (positieve) testuitslagen zijn gebruikt - met zo'n 20% worden overschat vergeleken met een logistisch 

regressiemodel dat rekening houdt met de overlap aan diagnostische informatie tussen de testuitslagen. 

In hoofdstuk 9, tenslotte, wordt een lans gebroken voor een initiatief waarin onderzoekers van primaire 

diagnostische accuratessestudies worden verzocht deel te nemen aan een samenwerkende 

onderzoeksgroep. In eerste instantie wordt getracht alle ruwe gegevens van de deelnemers samen te 

brengen en als een geheel te analyseren. De hoop is dat de auteurs meer informatie hebben verzameld dan 

ze in hun artikelen hebben vermeld. Op die manier wordt getracht een analyse te doen die recht doet aan 

het principe dat verschillende tests voor een specifiek diagnostisch probleem geen onafhankelijke 

informatie geven over de kans op ziekte. Wanneer men erin slaagt zulke internationaal samenwerkende 

groepen van onderzoekers bijeen te brengen, is de kans aanwezig dat men op termijn nieuw onderzoek op 

elkaar zal afstemmen met het oog op een analyse die gegevens oplevert waaraan men in de dagelijkse 

praktijk werkelijk iets heeft. 

133 





Dankwoord 



Dankwoord 

First of all I would like to thank Gerben ter Riet, a friend and excellent teacher, who supervised this thesis 

and contributed to most of the chapters. I first met Gerben in March 2000 at the Centre for Reviews and 

Dissemination (CRD) in York (UK) and seduced him to visit the Horten Centre in Zurich on a 3-months 

senior secondment in 2001. The work of that time lay the groundwork for this thesis and for me was the 

starting point of a very exciting and ongoing collaborative working experience in the field of diagnostic 

research. 

I am grateful to Johann Steurer, my boss at the Horten Centre for his commitment, generosity and 

financial support that allowed me to focus on the completion of this thesis. I also would like to thank him 

for his contributions to the Chapters 5, 6a and 6b. 

Khalid S. Khan has played a great role in my personal development and in research. I could thank him for 

many things but let me stick to the essentials in particular. Khalid organised my fellowship at the 

University of Birmingham (UK) that allowed me to participate in his projects and in his research team. I 

enjoy his generosity and inspiration as a teacher. Khalid contributed to the Chapters 4, 7, 8, and 9. 

I am also very grateful that Patrick M. M. Bossuyt agreed to act as the promoter of this thesis. It is indeed 

a great honour to me. Last but not least I would like to thank Jos Kleijnen for many valuable discussions 

during my stay at the CRD in York, his inspiring lectures in Hittisau and for many helpful advices. 

Research usually is a collaborative effort. It definitely was for this thesis. I would therefore like to thank 

all the remaining co-authors for their excellent work: Corinna Kronenberg (Chapter 3), Esther Kolb 

(Chapter 5), Honest (Chapter 4), Janesh K. Gupta (Chapter 8), Joachim E. Fischer (Chapter 6a), Joseph 

Ogah (Chapter 7), Michael T. Koller (Chapters 5 and 6a), Phil Owen (Chapter 7), Pius Estermann 

(Chapters 2 and 3), T. Justin Clark (Chapter 8) and Reto Coray (Chapter 2). 

136 



Curriculum Vitae 
Lucas Mauricio Bachmann was bora on April 28, 1970 in Zurich Switzerland. He finished his secondary 

school in Zurich, Switzerland in 1990 and studied Philosophy and German language at the University of 

Zurich for two years. From 1991 to 1998 he studied Medicine at the University of Zurich. During his 

studies he worked for two years (1993-95) as a research fellow at the Department of Physiology (Professor 

Christian Bauer) where he investigated hypoxia induced gene expression in the brain and tumour tissue. 

During that time he wrote his MD Thesis entitled: "Vascular Endothelial Growth Factor (VEGF): mRNA 

quantification with a competitive RT-PCR". After graduation from medical school he worked as a trainee 

at the Department for Internal Medicine at the regional Hospital Wadenswil (near Zurich) (Dr. Peter 

Möhr) and at the outpatient clinic (Poliklinik) of the University Hospital in Zurich (Professor Wilhelm 

Vetter). In 1999 he started working at the Horten Centre, a privately funded unit of the University of 

Zurich, dedicated to promote clinical research and to disseminate evidence-based information to practicing 

physicians (Professor Johann Steurer). He was a visiting research fellow at the Centre for Reviews and 

Dissemination (CRD) in York (Professor Jos Kleijnen) in 2000. Since 2001 he is working under the 

supervision of Dr. Gerben ter Riet (Department for General Practice, AMC, Amsterdam) on the 

application of diagnostic research methods. Since 2002 he is an Honorary Senior Research Fellow at the 

Department of Obstetrics and Gynaecology, Birmingham where he is working in collaboration with Dr. 

Khalid S. Khan. 

137 


















