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Objectives: To review the use of case series in
National Institute for Clinical Excellence (NICE) Health
Technology Assessment (HTA) reports, to review
systematically the methodological literature for papers
relating to the validity of aspects of case series design,
and to investigate characteristics and findings of case
series using examples from the UK’s Health Technology
Assessment programme.
Data sources: Electronic databases. NICE website.
Reports produced as part of the UK’s HTA
programme.
Review methods: NICE HTAs that used information
from case series studies were obtained from the NICE
website and a range of quality criteria applied. Searches
of electronic databases, handsearched journals and the
bibliographies of papers were made in order to find
studies that assessed aspects of case series design,
analysis or quality in relation to study validity.
Hypotheses relating to the design of case series studies
were developed and empirically investigated using four
case examples from existing reports produced as part
of the UK’s HTA programme (functional endoscopic
sinus surgery for nasal polyps, spinal cord stimulation
for chronic back pain, percutaneous transluminal
coronary angioplasty and coronary artery bypass
grafting for chronic angina). Analysis was undertaken
comparing studies within each review. 
Results: There was no consensus on which case series
to include in HTAs, how to use them or how to assess
their quality, despite them being used in 30% of NICE
HTAs. No previous studies empirically investigating
methodological characteristics of case series were
found. However, it is possible that the search strategy
failed to find relevant studies. Poor reporting of case
series characteristics severely constrained analysis and
there were insufficient data to investigate all the

hypotheses. Findings were not consistent across the
different topics and were subject to considerable
uncertainty. All the examples in our analysis were
surgical interventions, which are prone to additional
confounding factors due to difficulties of standardisation
compared with drug treatment. Our findings may not
be generalisable outside the interventions studied. The
case series reports included generally exhibited poor
reporting of methodological characteristics. This
constrained our analysis. The use of several methods of
analysis has led to apparently discrepant results. Given
the number of analysis performed, the usual level of
significance (p = 0.05) should be viewed with caution.
The most important limitation of this study is the small
number of cases on which the findings are based. The
results are therefore tentative and should be viewed
with caution.
Conclusions: Case series are incorporated in a
significant proportion of health technology assessments.
Quality criteria have been used to appraise the quality
of case series and decide on their inclusion in reviews
of studies using this design. In this small series of case
studies drawn from HTAs carried out for the NHS
HTA programme, little evidence was found to support
the use of many of the factors included in quality
assessment tools. Importantly, no relationship was
found between study size and outcome across the four
examples studied. Isolated examples of a potentially
important relationship between other methodological
factors and outcome were shown, such as blinding of
outcome measurement, but these were not shown
consistently across the small number of examples
studied. This study is based on a very small sample of
studies and should therefore be considered as
exploratory. Further investigation of the relationship
between methodological features and outcome is
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justified given the frequency of use of case series in
health technology assessments. Further research into
the methodological features of case series and their
outcome is justified in a wider sample of technologies
and larger sets of case series. Value of information

analyses including case series could be explored.
Further exploration of the differences between case
series and randomised controlled trial results,
preferably using registry or comprehensive case series
data, would be valuable.

Abstract
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Glossary
Analysis of variance A technique that
isolates and assesses the contribution of
categorical independent variables to variation
in the mean of a continuous dependent
variable.

Bias Processes leading to the deviation of
results or inferences form the truth. Any trend
in the collection, analysis, interpretation,
publication or review of data can lead to
conclusions that are systematically different
from the truth.

Case series Uncontrolled observational
studies involving an intervention and outcome
for more than one person.

Confounding Distortion of the estimated
effect of an exposure on an outcome caused by
some extraneous factor (such as age, social
class) associated with both.

Heterogeneity Differing aspects of study
details across trials. These may be clinical (such

as different doses, patient selection, points of
disease). These can lead to statistical
heterogeneity – where the results of trials are
different from one other.

Observational studies An inclusive term for
non-experimental studies, including surveys,
case control and cohort studies. Although they
may be comparative, they are often essentially
descriptive.

Meta-analysis Techniques for combining the
results of two or more independent studies to
provide a test with more power than the
originals to answer a question of interest.

Robust regression A form of regression,
more conservative than ordinary least-squares
regression, that resists the influence of outliers.
It performs better with non-ideal data but
results in slightly larger standard errors.
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Glossary and list of abbreviations

Technical terms and abbreviations are used throughout this report. The meaning is usually clear from
the context, but a glossary is provided for the non-specialist reader. In some cases, usage differs in the

literature, but the term has a constant meaning throughout this review.
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List of abbreviations

AIDS acquired immunodeficiency
syndrome

ANCOVA analysis of covariance

ANOVA analysis of variance

CABG coronary artery bypass grafting

CAST Cardiac Arrhythmia Suppression
Trial

CI confidence interval

CRD Centre for Reviews and
Dissemination

FESS functional endoscopic sinus
surgery

HRT hormone replacement therapy

i.i.d. independently and identically
distributed

ITT intention-to-treat

NICE National Institute for Clinical
Excellence

NIH National Institutes of Health

NYHA New York Heart Association

OLS ordinary least-squares

PTCA percutaneous transluminal
coronary angioplasty

QEOs quasi-experimental and
observational studies

RCT randomised controlled trial

REACT Recruitment and Enrolment
Assessment in Clinical 
Trials

RR relative risk

SCS spinal cord stimulation

SE standard error

TAR Technology Assessment Report

VAS visual analogue scale

All abbreviations that have been used in this report are listed here unless the abbreviation is well known (e.g. NHS), or 
it has been used only once, or it is a non-standard abbreviation used only in figures/tables/appendices in which case 
the abbreviation is defined in the figure legend or at the end of the table.



Objectives
This study had three aims:

1. To review the use of case series in National
Institute for Clinical Excellence (NICE) Health
Technology Assessment (HTA) reports.

2. To review systematically the methodological
literature for papers relating to the validity of
aspects of case series design.

3. To investigate characteristics and findings of
case series using examples from the UK’s
Health Technology Assessment programme.

Background
Although randomised controlled trials (RCTs)
offer the most robust evidence for effectiveness,
this level of data is not always available for health
technology assessments. Given that policy
decisions still need to be made even in the
absence of RCT evidence, it is important to try to
understand the elements of case series design that
determine their quality. Although a simple
hierarchy of evidence will place case series as a
weak form as evidence, individual studies, just like
individual RCTs, may vary widely in quality and
different studies of the same intervention may
produce widely different estimates of outcome
frequency. The validity of any study, whatever its
form, will depend on the quality of its design,
execution and interpretation. Nevertheless, case
series studies are the most vulnerable to bias and
confounding. RCTs attempt to minimise
challenges to internal validity through 
minimising selection, performance, detection and
attrition biases. However, this may lead to
problems of external validity if strict exclusion
criteria lead to a population being assessed, which
is very different to that treated in clinical 
practice.

The aspects of quality that influence the validity of
RCTs have been empirically studied, and it is
generally agreed that adequate blinding,
concealment and randomisation methods are
crucial. A number of different scales and checklists

for quality exist, but not all of them are
empirically based or rigorously developed. As the
authors were not aware of agreed aspects of quality
for case series that were important, this study
aimed to look at what types of quality measure
had been used in NICE HTAs and to search the
literature systematically to see if empirical studies
of case series had been published.

While comparisons of the results from RCTs and
other study designs have been undertaken, they
have been restricted to observational studies with
control groups. These yield conflicting results,
with non-randomised studies variously showing
greater treatment effects, similar treatment effects
and lower treatment effects in different subject
areas investigated. The evidence suggests that
non-randomised controlled evidence shows more
variance than RCTs and the direction of effect is
unpredictable. As we were not aware of such
investigations of case series and RCT results, we
aimed to investigate this.

Review of the use of case series in
NICE HTAs
Currently completed NICE HTAs were obtained
from the NICE website. Of the 47 completed
HTAs, 14 (30%) had included information from
case series studies.

In two cases no RCTs were identified and the
other 12 reports also included data from between
two and 70 RCTs. The number of case series
included ranged from two to 159. Inclusion
criteria for case series included study size and
length of follow-up. Various quality criteria were
applied (n = 9), with the CRD Report criteria
being used in three cases. Data from case series
were used to confirm RCT results, to inform an
economic model, to explore variation and for
meta-analysis.

We found that there was no consensus on which
case series to include in HTAs, how to use them or
how to assess their quality, despite them being
used in 30% of NICE HTAs.

Health Technology Assessment 2005; Vol. 9: No. 2
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Systematic review of
methodological literature
We carried out searches in electronic databases,
handsearched journals and examined the
bibliographies of papers in order to find studies
that assessed aspects of case series design, analysis
or quality in relation to study validity. No
empirical studies were found. However, it is known
that searches that are sensitive enough to identify
case series are difficult to design with appropriate
specificity and it is possible that we failed to locate
such studies.

Investigation of characteristics
and findings of case series studies
A number of hypotheses relating to the design of
case series studies were developed a priori. These
were empirically investigated using four case
examples from existing reports produced as part
of the UK’s HTA programme.

We included HTAs that had at least 40 case series
studies available, included at least one good-
quality RCT and contained information on the
age of participants as a minimum description of
the included population. We identified three
reports on four topics – functional endoscopic
sinus surgery for nasal polyps, spinal cord
stimulation for chronic back pain, percutaneous
transluminal coronary angioplasty (PTCA) and
coronary artery bypass grafting (CABG) for
chronic angina.

Data were extracted on outcome measures and
study population characteristics.

Analysis was undertaken on a between-study level
within each review. For each hypothesis,
continuous variable data were explored through
scatter plots and robust regression. Regression
analysis weighted by sample size were also
performed. Binary data were explored through 
t-tests and Mann–Whitney tests. Analysis of
variance (ANOVA) was also performed, weighted
for sample size. Multivariate analysis using disease
severity, age and male sex was performed using
multivariate robust regression or ANOVA as
appropriate.

Comparisons between cases series and RCTs were
performed using the intervention arms of RCTs as
a comparator. There were only enough data to do
this for PTCA and CABG. Meta-analysis of RCT
data was compared with weighted robust

regressions using the intervention as the
confounding factor and estimating the coefficient
size.

Poor reporting of case series characteristics
severely constrained analysis and there were
insufficient data to investigate all the hypotheses.
Findings were not consistent across the different
topics and were subject to considerable uncertainty.

No relationship was found between sample size
and outcome frequency. No relationship was found
between prospective data collection and outcome
frequency. One analysis each (in different topic
areas) found a significant association between
multi-centre studies and outcome, between
independent outcome measurement and outcome
frequency and between earlier publication and
outcome frequency. Length of follow-up was found
to be significantly associated with outcome
frequency in three analyses. One topic area had
scored case series for quality and this was found to
be associated with outcome. However, this quality
score contained items which we investigated
separately in this review, without evidence of
impact.

Compared with RCT evidence, which showed no
difference between PTCA and CABG, case series
estimates of mortality showed a 1–2% increase in
mortality for CABG. For angina recurrence,
neither case series nor RCT data showed any
difference between the two interventions.

Limitations
We found no previous studies empirically
investigating methodological characteristics of case
series. However, it is possible that the search
strategy failed to find relevant studies.

All the examples in our analysis were surgical
interventions, which are prone to additional
confounding factors owing to difficulties of
standardisation compared with drug treatment.
Our findings may not be generalisable outside the
interventions studied.

The case series reports included generally
exhibited poor reporting of methodological
characteristics. This constrained our analysis.

The use of several methods of analysis has led to
apparently discrepant results. Given the number of
analyses performed, the usual level of significance
(p = 0.05) should be viewed with caution.

Executive summary

x



The most important limitation of our study is the
small number of cases on which our findings are
based. The results are therefore tentative and
should be viewed with caution.

Conclusions
Case series are incorporated in a significant
proportion of health technology assessments.

A wide range of quality criteria have been used to
appraise the quality of case series and decide on
their inclusion in reviews of studies using this
design. In this small series of case studies drawn
from HTAs carried out for the NHS HTA
programme, we found little evidence to support
the use of many of the factors included in quality
assessment tools. Importantly, we found no
relationship between study size and outcome
across the four examples studied. 

Isolated examples of a potentially important
relationship between other methodological factors
and outcome were shown, such as blinding of
outcome measurement, but these were not shown
consistently across the small number of examples
studied.

Comparison of case series and RCT data was
possible in only two examples studied but
demonstrated a greater range in outcomes
reported in case series, reflecting the likelihood

that this design includes different populations.
However, outcomes were not better in case series,
contrary to expectations.

Estimates of comparative efficacy of alternative
techniques by comparing case series studies were
shown to be different from analyses based on
RCTs. However, it is not clear from this whether
this is an effect of confounding or indicates
different efficacy in different populations.

This study is based on a very small sample of
studies and should therefore be considered as
exploratory. Further investigation of the
relationship between methodological features and
outcome is justified given the frequency of use of
case series in health technology assessments.

Need for further research
Further research into the methodological features
of case series and their outcome is justified in a
wider sample of technologies and larger sets of
case series.

Value of information analyses including case series
could be explored.

Further exploration of the differences between
case series and RCT results, preferably using
registry or comprehensive case series data, would
be valuable.

Health Technology Assessment 2005; Vol. 9: No. 2
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The aims were to examine the existing use of
case series evidence in Natural Institute for

Clinical Excellence (NICE) Technology Assessment
Reports (TARS), to review systematically the
literature regarding the methodological
characteristics of case series, to investigate
characteristics of case series studies, and to
determine whether the findings of case series
studies vary significantly according to
methodological characteristics 

This report is composed of three main sections:

1. a review of case series use in NICE Health
Technology Assessments (HTAs)

2. a systematic review of methodological literature
for papers relating to the validity of aspects of
case series design

3. an investigation of characteristics and findings
of case series (using four examples from the
HTA programme).

Health Technology Assessment 2005; Vol. 9: No. 2
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Definition of case series
Case series are uncontrolled observational studies
involving an intervention and outcome for more
than one person.1

Case series in health technology
assessment
Health technology assessment is the evaluation of
the effectiveness, costs and wider impact of health
technologies, defined as all methods used by
health professionals to promote health, prevent
and treat disease and improve rehabilitation and
care. Central to the conduct of health technology
assessment is establishing effectiveness. A range of
study types may be relevant to this aspect of health
technology assessment and these can be arranged
in a hierarchy according to the extent to which the
design minimises bias (see Box 1). 

Although a hierarchy of the strength of evidence
for effectiveness based on different study designs
in healthcare research is now well established, the
need for early policy decisions on adoption or
reimbursement within healthcare systems means
that new technologies are frequently subject to
health technology assessment. For a variety of
reasons it may be necessary to include non-
randomised controlled trial (RCT) data, including
case series, in health technology assessments.
Indeed, uncontrolled case series are sometimes the
only type of evidence available.2 It may also be
necessary to review case series data as part of a
health technology assessment in the following
circumstances:

� Where there is strong political or social pressure
surrounding the funding of a new technology
and a lack of comparative evidence.

� Where the apparent effectiveness from
uncontrolled studies is so promising that
waiting for comparative evidence is considered
unacceptable.

� Where comparative evidence may not be
available for all important outcomes or all
populations, or comparative evidence is available
in only a restricted population. Case series data
may therefore be sought to supplement more

rigorous evidence or provide information on
possible effects in a less selected population.

� Where case series data provide more detailed
evidence regarding the safety of a technology
(such as the detection of rarer adverse events
through large series).

� Where length of follow-up is a critical issue for
an assessment and case series provide more
data than comparative studies.

This report is predicated on the view that if
decisions are to be made in the absence of more
rigorous evidence from well-designed RCTs, then
it is important to try and understand whether
there are elements of case series design that
determine their quality. The National Institutes of
Health (NIH) in the USA estimated that only
about 20% of health technologies currently in use
have been analysed by means of an RCT,3

although higher proportions have been estimated
for the most commonly used interventions.4,5

Indeed, there are some fields (for example, cancer
treatments) where ethical constraints or the
attitudes of physicians and their patients mean
that the use of randomised controls to evaluate
efficacy is not universally regarded as essential.6

Clinicians working in the field of AIDS developed
a set of criteria to define the circumstances under
which they believe trials can be carried out without
randomised controls:

� No appropriate control exists.
� Untreated patients have universally poor

prognosis.
� Expected side-effects of treatment do not

compromise benefits.
� Expected benefits must be large and

unambiguous.
� Strong scientific rationale for treatment will

lead to widespread acceptance.6

As health technology assessment is policy driven,
and decisions need to be made on the basis of
available evidence, it is likely that case series will
continue to form some or all of the evidence base
for effectiveness for some technologies. Given this,
and the large volume of case series evidence that
may need to be addressed in assessments, it is
important to evaluate how case series studies can
best be utilised.

Health Technology Assessment 2005; Vol. 9: No. 2
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RCTs versus non-RCTs
Research has already been undertaken to examine
the differences in estimated treatment effects
estimated through different study designs.
However, such studies have concentrated on study
designs that contain a control group. It has been
assumed that non-randomised studies were likely
to overestimate treatment effects compared with
RCTs. However, this has not been consistently
found in empirical studies. Some recent papers
have suggested that there is little difference
between the results produced by RCTs and well-
conducted observational studies.7–10 However, it is

noteworthy that these papers excluded case series
and observational studies with historical controls.
Further, it has been noted that these studies have
looked at only a very few topic areas and, given
the hundreds of thousands of trials conducted,
they are likely to be subject to strong selection
bias.11

In fact, where the results from RCTs and non-
randomised observational studies of the same
treatment have been compared, various findings
have been noted. Kunz and Oxman12 reviewed
eight empirical studies from 1977 to 1996 that
compared the results of RCTs and non-
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BOX 1 Hierarchy of study designs for studies of effectiveness [from CRD Report No. 4 (2nd edition)]

Level description
1. Experimental studies (e.g. RCT with concealed allocation).
2. Quasi-experimental studies (e.g. experimental study without randomisation).
3. Controlled observational studies.

(a) Cohort studies.
(b) Case–control studies.

4. Observational studies without controls.
5. Expert opinion based on pathophysiology, bench research or consensus.

Description of selected study designs
Experimental

A study in which some conditions, particularly decisions concerning the allocation of participants to different intervention
groups, are under the control of the investigator.

Randomised controlled trial
Follow-up of participants randomly allocated to intervention or control groups, with a comparison of outcome rates during
the time covered. Randomisation (with concealment of allocation sequence) avoids bias because both known and unknown
determinants of outcomes are on average evenly distributed between intervention and control groups.

Quasi-experimental
A study on which the allocation of participants to different intervention groups is controlled by the investigator but the
method falls short of genuine randomisation and allocation concealment.

Observational

A study in which natural variation in interventions or exposure among study participants is investigated to explore the effect
of the interventions or exposure on health outcomes.

Cohort study
Comparison of outcomes between participants who have received an intervention and a group that has not (i.e. not allocated
by the investigator) in a follow-up study.

Case–control study
Comparison of exposure to interventions between participants with the outcome (cases) and those without the outcome
(controls).

Cross-sectional study
Examination of the relationship between disease and other variables of interest as they exist in a defined population at one
particular time.

Before and after study
Comparison of findings in study participants before and after an intervention.

Case series
Description of a number of cases of an intervention and outcome (without comparison with a control group).



randomised studies of the same interventions.
They found that in five the non-randomised
studies overestimated the effects compared with
RCTs, in two they underestimated the effect and
one study found similar effects in both
randomised and non-randomised studies. 

Linde and colleagues13 examined the results of 
24 RCTs and 25 studies of other design (non-
randomised cohorts, cross-sectional surveys and
case series) of using acupuncture for chronic
headache. They found that non-randomised
studies of good quality yielded similar results to
RCTs. Interestingly, they devised a quality score
which concentrated on specific clinical aspects
such as a clear headache diagnosis, use of a
headache diary, at least two clinical headache
outcomes and follow-up at both early and late
dates, in addition to methodological elements.
They argued that greater attention should be paid
to the rigour of clinical elements of trials rather
than the current focus on methodological
characteristics.

RCTs of the same interventions and controls can
produce very different estimates of treatment
effect. Overall the evidence suggests that non-
RCTs demonstrate more variance than RCTs and
the direction of estimated effect is unpredictable.

Types of potential bias
Case series are considered to be the weakest study
design from which to obtain evidence on
effectiveness and, as shown in Box 1, results
derived from them are ranked as low quality.
However, like RCTs, case series studies may vary
enormously in quality. Whatever broad study

design is used, the validity of its results will
depend on the quality of the study that produced
it and, where a particular type of study design is to
be included in an assessment, it is necessary to
appraise quality. By high-quality trial we mean one
in which bias is minimised and the effect
demonstrated likely to be a ‘true’ reflection of
reality.

Case series vary in size and may be retrospective
or prospective. Some may follow a predefined
protocol whereas others collect data
opportunistically. Inclusion processes vary, in
particular with respect to whether consecutive
cases are enrolled in prospective studies and
whether inclusion and exclusion criteria are
applied. The absence of a control group severely
limits the utility of case series in healthcare
decision-making as it is not clear if the outcome
can be attributed to the intervention. Case series
studies have no way of controlling for a placebo
effect, which has been shown to have a significant
effect compared with no treatment for many
outcomes such as pain.14,15 Furthermore, case
series are prone to a range of biases, including
sampling and selection, detection and reporting,
observer and measurement, response and
publication. Subjects who are aware of the purpose
of a study are further prone to the effects of ‘social
desirability bias’ where they may behave according
to socially accepted norms or the expectations of
the researcher, leading to possible inaccuracies in
the reporting of behaviour or symptoms.16

In their comparison of effect sizes derived from
non-randomised and randomised studies,
MacLehose and colleagues10 present the likely
effects of different kinds of bias on effect sizes.
This is shown in Table 1.
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TABLE 1 Most likely effects of different kinds of bias on effect size estimates10

More extreme Less extreme Either

Information bias
Outcome: non-differential �
Outcome: differential �
Intervention: non-differential �
Intervention: differential �
Confounder: non-differential �
Confounder: differential �

Selection bias or confounding
RCTs and quasi-experimental cohort studies �
Observational cohort studies �
Case–control studies �
Differential care bias �



Information bias (misclassification or error in
measuring, outcomes or confounding variables) is
classed as non-differential where it affects
intervention and control groups equally or
differential if it affects them unequally.10

MacLehose and colleagues10 note that selection
bias arises in different ways in experimental and
non-experimental study designs. For RCTs and
quasi-experimental studies, selection bias arises as
a result of biased allocation of patients to groups,
and is likely to result in a more extreme beneficial
effect. For observational studies, the effect may be
in either direction, as clinicians and researchers
may elect to treat those patients who they believe
will benefit, or treat those who are judged to be
unlikely to benefit from standard treatment but are
sicker and at higher risk of a poor outcome.10

Using two clinical examples, this review compared
the effect size estimates obtained from RCTs and
quasi-experimental and observational studies
(QEOs). They assessed the quality of studies based
on criteria modified from Downs and Black17

(quality of reporting, external validity, internal
validity – bias, confounding or selection bias,
power of the study). Within the topic areas they
examined (mammographic screening of women to
reduce breast cancer mortality and folic acid to
prevent neural tube defects), they found that high-
quality QEOs showed no tendency for effect sizes
to be more extreme than for RCTs. A more
extreme effect was seen in poor-quality QEOs.
They concluded that within these topic areas,
QEOs may give valid results if important
confounders are controlled for. However, they also
found that the reporting of QEOs was poor and
that it was difficult adequately to distinguish and
measure variations in different aspects of quality
between studies. No association was found
between study quality and effect size, suggesting
that relative risk (RR) is not associated with quality
in a predictable way. Alternatively the instrument
used failed to distinguish methodological quality
adequately.

Internal and external validity trade-off
RCTs are designed to maximise internal validity.18

Internal validity is addressed by trying to minimise
selection bias, performance bias, detection bias
and attrition bias through controlling the
characteristics of study participants, achieving
truly random treatment allocation, blinding of
participants and researchers and applying a
consistent approach to deviations from protocol
and loss to follow-up through intention-to-treat
analysis. External validity relates to the extent to

which a study’s results can be applied to other
circumstances – its generalisability to other groups
of patients or to usual clinical care. It encompasses
aspects such as the study population, treatment
regimen, levels of other care, type of outcomes
and length of follow-up. 

RCTs typically have relatively strict selection
criteria which often exclude the old and the
young, those with co-morbidity or those thought
likely not to comply.18 In addition, patients
choosing to enrol in RCTs may be different from
those who do not wish to participate. For example,
the Recruitment and Enrolment Assessment in
Clinical Trials (REACT) project assessed 140
patients who had declined to participate in the
Cardiac Arrhythmia Suppression Trial (CAST)
compared with 260 who did enrol.19 Enrollees
were more likely to be male (p < 0.001) and to be
younger (p = 0.002) than non-participators, and
also less likely to have medical insurance 
(p < 0.001) (US study). Enrolled patients were
more likely to have had at least one episode of
ventricular tachycardia (25% vs 14%; p = 0.025).
Other differences relating to psychological factors,
health beliefs and understanding of informed
consent were also found.

The systematic review of clozapine-treated subjects
with treatment-resistant schizophrenia by
Brambilla and colleagues20 included non-RCT
data because of the highly selected nature of RCT
samples and the definition of ‘treatment-resistant
schizophrenia’, neither of which reflected clinical
practice. The authors included 50 studies of which
18 were clinical trials, 23 were prospective
observational studies and nine were retrospective
observational studies. They found that RCTs on
this topic included small samples of highly
selected patients whereas observational studies
used entry criteria that were similar to everyday
clinical practice and had longer follow-up than
RCTs. RCTs indicated a smaller treatment effect
and higher drop-out rate than observational
studies, and retrospective studies showed the
greatest effect and the smallest drop-out rate.
Study quality was not specifically examined but the
results suggest that larger sample sizes, longer
follow-up and prospective data collection may be
quality markers.

In comparing elderly patients with aggressive
histology lymphoma who were entered or not
entered into a randomised trial, Chen and
colleagues21 found that non-randomised patients
were older, had a poorer performance status, were
less likely to be given a treatment with a curative
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rather than palliative intent and were less likely to
complete six cycles of treatment. Five-year survival
was found to be superior for those patients
entered into the RCT. 

McKee and colleagues22 concluded from their
study of 18 papers evaluating interventions by
both randomised and non-randomised study
designs that those excluded from RCTs tend to
have a worse prognosis than those included. They
also noted that those in RCTs for treatment
tended to be less affluent, educated and healthy
than those who were not, whereas the reverse case
was seen in RCTs of preventative interventions.

RCTs which are designed to test the efficacy of
interventions are more likely to maximise internal
validity. In contrast, large pragmatic trials (e.g. the
AD2000 trial of donepezil for dementia23) aim to
evaluate the effectiveness of interventions in
conditions that reflect, as closely as possible,
routine clinical practice in relatively
undifferentiated populations. However, in order to
promote recruitment and retention, such trials
typically use a limited number of simple outcome
measures, thereby limiting the extent to which the
study can demonstrate the mechanisms by which
effectiveness is achieved. However, such trials
typically follow smaller efficacy studies in more
exclusive populations. 

As with RCTs, the external validity of case series
studies may be variable and may be difficult to
judge where reporting of study populations is
unclear. Large, prospective and comprehensive
case series might be argued to have high external
validity. However, as we show later, reporting of
patient characteristics is frequently poor in case
series studies and it may be difficult for readers to
judge the generalisability of such studies. Whether
there is a trade-off between external and internal
validity in case series is open to question. Given
that the design has inherent and serious
weaknesses, increased patient selection is unlikely
to yield the same benefits to internal validity in an
uncontrolled study as in an RCT. 

Assessment of quality: RCTs
In order to judge the reliability of study results
which will inform decision-making, it is important
for the quality of those studies to be assessed.
Given the increased reliability of effect estimates
gleaned through well-designed RCTs, it is
understandable that most examinations of study
quality have concentrated on assessing studies of

this design. Assessment of RCT quality using
standardised checklists and scales according to
various indicators is well established. The
CONSORT statement was produced in 1996 and
aimed to ensure that important aspects of studies
design (such blinding, concealment and adequate
randomisation) were described in trial reports.24

However, the CONSORT statement contains
elements that relate to the reporting (such as use
of a flow chart to show participant pathways) and
conduct (such as a description of protocol
deviations) of trials in addition to their methods.
Although some aspects (such as blinding and
proper allocation) have been shown to
quantitatively affect the results of a study,25–28

others have not. Concealment of treatment
allocation appears to be the most important aspect
for preventing bias in RCTs.25,26

Many different scoring systems for rating the
quality of trials have been used, some of which
produce a single summary score to indicate
quality. Summary scores may be particularly
problematic if they are used to score the quality of
trials for meta-analysis.29 An annotated
bibliography of scales developed to assess the
quality of RCTs was published by Moher and
colleagues in 1995.30 This found 25 scales (23
published) and nine checklists used in the
literature which aimed to assess the quality of
RCTs. The authors stated that there are a number
of shortcomings with these scales. Fifteen (60%)
were designed to assess the quality of a trial of any
type of intervention, whereas 10 (40%) were aimed
specifically at certain types of intervention or
outcome (e.g. contrast media, pain). The number
of items used to assess a trial ranged from three to
34 (median 15). The scales could be scored in
between <10 and 45 minutes (median 10 minutes)
and yield total possible scores of 1 to 170.

Only one scale (that by Jadad and co-workers31)
met the authors’ criteria of ‘rigorous development’,
by which they meant that the paper documented
how items were initially selected, how and why the
final items were included, how the scale
differentiated between trials of different quality
and on the range of scores obtained through its
development.

The authors noted that scales that yield higher
scores for double blinding will automatically
discriminate against surgical trials in which
blinding is not possible. It does not mention
blinding for outcome measurement. Other aspects
of the development and use of the different scales
are shown in Table 2.
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In a paper referred to in the article by Moher and
co-workers, the same authors used six different
scales to assess the quality of 12 trials used in a
meta-analysis. They found that overall quality
scores varied considerably across the scales and
that differences in trial quality varied from 23% to
74% across scales. Similar results were obtained
using rank scores of individual trials. Other
authors have come to similar conclusions.29

With scoring systems for quality, the reasons for
the weight that each item is given is often unclear.
It is also uncertain whether a combination of small
imperfections of a study could be as detrimental to
a study’s validity as the failure of a single, crucial
element such as blinding.18

Some controversy clearly remains about the value
of some of the scales used to evaluate quality for
RCTs. It must be useful to distinguish those trials
that have such serious flaws that they may call the
validity of the results into question. However,
whereas some aspects of quality have been
empirically shown to affect results, others have not.
The way in which authors have chosen to weight
quality elements in those checklists that produce a
single quality score is not usually evidence based.
Further, using different scales, the same trial may
receive inconsistent quality scores whereas different
reviewers using the same scale may find little inter-
rater reliability. With such uncertainty, the
incorporation of quality data by weighting trials in
the pooling of RCT results remains controversial.

As stated by Fletcher18 in a discussion about
evaluating interventions, “grading of trials
according to specific aspects of their design,
conduct and reporting, assumes that we know the
degree to which each element of the trials, if

improperly done, biases the results and how much.
Unfortunately, we do not.” In a stronger caution
against using quality scores as a way of influencing
trials used in meta-analyses, Shapiro32 argues that
“quality cannot be scored, measured, taken into
account” but that “quality is best evaluated
qualitatively … the author should give good
reasons for judging the quality of any given study
as good or bad in transparent and easily
understood language.”

Existing assessments of study
quality: relevance to case series
The discussion above outlines the current debates
on the manner and value of different methods of
assessing the quality of RCTs and how the
information from quality assessment should be used
in systematic reviews and meta-analyses. There is
even less certainty and understanding as to which
aspects of observational data, especially those
obtained through case series study design, are
crucial to quality. It is not known if these influence
estimated treatment effects and, if they do, in what
way. Case series studies have traditionally been
excluded from most systematic reviews as they
represent the lowest level of study evidence in most
simple hierarchies of study design.

Quality scales and checklists discussed in this
section were identified in three ways: through the
search strategy described in Chapter 3, through
the studies identified in this chapter and from an
unpublished review by J. J. Deeks (Centre for
Statistics in Medicine, Institute of Health Sciences,
Oxford) and J. Dinnes (Southampton Health
Technology Assessments Centre, University of
Southampton), 2003. 
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TABLE 2 Aspects of the development and use of quality scores assessed by Moher and colleagues30

Item in the development of quality scales Number (%)

Defined the construct quality used in their scale development 6 (24)
Designed to assess quality of trial report 3 (12)
Designed to assess methodological quality 8 (32)
Designed to assess both methodological and trial report quality 14 (56)
Used ‘accepted criteria’ to select items for inclusion from textbooks of clinical trials 24 (96)
Includes at least one item regarding patient assignment 22 (88)
Includes at least one item regarding masking 20 (80)
Includes at least one item about follow-up 11 (44)
Includes at least one item about statistical analysis 21 (84)
Describes how the items should be scored when assessing quality 18 (72)
Reported inter-rater reliability 12 (48)
Provides detailed instructions on how scores should be assigned to each item 17 (68)
Uses a weighting system to score quality 8 (32)
Recommends steps to minimise bias for those completing quality assessments 4 (16)



The review of HTAs carried out for NICE using
cases series is described fully in Chapter 3. This
found eight types of checklists used including the
Cochrane framework, the Centre for Reviews and
Dissemination (CRD) Report (No. 4) and modified
Spitzer checklists.33 There are a number of
additional methods of assessing the quality of case
series studies, which are reproduced for
information in Appendix 3.

The review by Deeks and Dinnes evaluates
checklists and scales for report evaluation. They
found 194 tools, mostly published. The purpose of
the quality assessment tools was mostly for inclusion
in systematic reviews (65%) or critical appraisal
(35%). The latter are primarily designed to help
clinicians assess the usefulness of an intervention
in their practice, rather than comparing quality
across studies. The tools included those which had
been designed for RCTs, some of which can also
be used, with or without modification, for other
study designs. Most identified tools were designed
to be used for more than one study design and
none dealt solely with case series design. Only 23
(17%) included items specific to different study
designs. It is likely that all case series will score
poorly on this type of scale as the elements
relating to control groups, randomisation and
blinding of subjects will all be missing. 

The review by Dinnes and Deeks is largely
concerned with tools for observational studies that
do contain control groups. None were identified
that were designed solely for case series studies.
The authors consider the most important items in
a scale to be those relating to the creation of the
intervention groups and those relating to the
comparison of the groups at the analysis stage.
The items in these domains are as follows:

Creation of intervention groups:

� generation of random sequence*
� concealment of allocation*
� how allocation occurred*
� any attempt to balance groups by design*
� description of study design
� contamination. 

Analysis – comparability:

� assessment of baseline comparability*
� identification of prognostic factors
� case mix adjustment.

Clearly, by design, uncontrolled case series studies
will not adhere to those items marked with an

asterisk above. This is also a problem with many of
the identified checklists which are designed to be
used with a number of different study designs,
including uncontrolled observational studies (case
series). The evaluation tools presented below are a
selection of those available; further examples of
checklists and evaluation tools developed are
shown in Appendix 4. Those presented in this
section give a flavour of the types of checklists that
are available. A systematic review of these scales
was not an aim of the project. Of the quality
checklists identified that can be used with case
series design, none were validated quantitatively.
Further, a large range of items were considered to
be worth including in such checklists, including
items relating to the presentation of the results, the
way in which the paper was presented and written,
the development of hypothesised conclusions and
as items such as sampling, measurement and
analysis. There was little apparent consensus. The
number of items included in checklists and scales
ranged from six to 65 (median 35) and some may
take considerable time to complete. Further, the
questions may be open to considerable rater
interpretation and many checklists had not been
checked for inter- or intra-rater reliability (see
Appendix 4 for details).

The CRD at York (CRD Report No. 4, 2nd
edition, 2001) suggest some quality criteria for
assessment of case series:

� Is the study based on a representative sample
selected from a relevant population?

� Are the criteria for inclusion explicit?
� Did all individuals enter the survey at a similar

point in their disease progression?
� Was follow-up long enough for important events

to occur?
� Were outcomes assessed using objective criteria

or was blinding used?
� If comparisons of subseries were being made,

was there sufficient description of the series and
the distribution of prognostic factors?

Several aspects of this list may be difficult to assess
in practice, especially in the absence of well-
reported inclusion and exclusion criteria, for
example, patients entering at a similar point in
disease progression or sufficient follow-up period.

The Cochrane Reviewers’ Handbook1 does not
provide any specific advice on how to assess the
quality of case series. The Cochrane Non-
randomised Study Methods Group is currently
producing guidelines on the use of non-randomised
studies in Cochrane reviews. Draft chapters are
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available at http://www.cohrane.dk/nrsmg.htm.
Currently the draft chapter expects the eventual
advice on case series studies to be exclusion from
Cochrane reviews of effectiveness.

Downs and Black17 designed and assessed a
checklist capable of looking at both randomised
and non-randomised study designs. The study
aimed to test the feasibility of creating a valid and
reliable checklist that was appropriate for use with
both study designs and which produced an overall
quality score that included elements for external
validity in addition to reporting quality, internal
validity and power. The authors state that external
validity has been neglected as a quality criterion in
scales designed for RCTs. However, despite
generally finding good inter-rater and test–retest
reliability, the authors found that the items used to
assess external validity were least reliable. They
suggest that the items may require further study
and that reviewers need to be trained to assess
external validity.

A study by Boulware and co-workers systematically
reviewed RCTs, observational studies with controls
and observational studies without controls (case
series) describing behavioural interventions for
hypertension.34 All study types were evaluated for
rigor of study design and given a score (maximum
100). Case series studies were evaluated based on:

1. Study population:
(a) description of inclusion and exclusion

criteria
(b) description of study population in terms of

demographics and pertinent clinical
characteristics

(c) similarity between those enrolled and not
enrolled.

2. Intervention description and outcomes
assessment:
(a) description of the intervention
(b) handling and comparability of withdrawals
(c) relevance and description of outcomes.

3. Statistical analysis and reporting: 
(a) mention of power calculation
(b) appropriateness of statistical tests
(c) presentation of statistical significance
(d) adjustment for potential confounding.

As additional areas (such as quality of
randomisation and blinding) are also included in
the scoring systems for observational trials with
controls and RCTs, and all totals add up to 100,
different scores are given to each item across the
different study designs. Weights given to different
aspects do not appear to be evidence based and

the influence of each item on the reliability of the
results is not explored.

Cowley (1995)35 developed a list of critical
appraisal criteria to evaluate uncontrolled case
series for total hip replacement and separate tools
for RCTs and other comparative studies. It is not
clear how the items for evaluation were selected
and only one author made the judgements. Her
key criteria were:

� method of selection of patients identified and
appropriate

� number of patients deceased or lost to follow-up
reported or included in appropriate statistical
analysis

� follow-up period, range and mean given
� prosthesis models specified
� clearly defined criteria for measuring 

outcomes.

An additional 12 items were listed as other
criteria, including blinding of radiological
assessors and clinical evaluation performed
independently of the operating surgeon (criteria
met by 5% and 11% of papers, respectively).

A checklist from DuRant36 provides separate
design and result questions for different study
designs, including retrospective chart (medical
record) and survey designs and cross-sectional
studies. The lists are lengthy (32 core items and
then 10–31 items on design and analysis),
although not designed to be exhaustive.

Coleridge Smith37 also developed a checklist for
measuring quality of case series and other designs.
It was developed by a task force wishing to
evaluate literature on chronic venous disorders of
the leg. Items contained in the checklist are:

1. Study population
(a) Was the study population adequately

described?
(b) Were the eligibility criteria explicit and

appropriate?
(c) Were participation rates adequate in all

groups?
(d) Were groups similar as to potentially

confounding variables?
(e) If not, were differences appropriately

accounted for?
2. Exposure

(a) Is the exposure adequately described?
(b) Was the measure of the exposure sound?
(c) Is the exposure variable valid (i.e. expresses

the actual exposure)?
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(d) Is the exposure variable reliable (i.e.
repetition gives similar results)?

(e) Were observers blinded to outcome status?
(f) If not was the outcome ascertained equally

in all exposure groups?
3. Outcome

(a) Is the outcome adequately described?
(b) Was the measurement of the outcome

sound?
(c) Is the outcome variable valid (i.e. addresses

the actual outcome)?
(d) Is the outcome variable reliable (i.e.

repetition gives similar results)?
(e) Were observers blinded to exposure status?
(f) If not, was the outcome ascertained equally

in all exposure groups?
4. Statistical analysis

(a) Was the statistical analysis adequate?
(b) Were tests appropriately selected and used?
(c) If not, are results reported so that the

appropriate analysis can be undertaken?
5. Follow-up

(a) Was the follow-up rate adequate?
(b) Was the follow-up of sufficient duration?

6. Overall rating of internal validity.
7. Overall rating of clinical relevance.
8. Key headings.
9. Reason for overall ratings.

The inclusion of a question related to the control
group demonstrates that this is not designed solely
for case series studies.

For the first five items, studies are scored ‘yes’,
‘no’, ‘partly’, ‘not reported’, ‘not applicable’, ‘I do
not know’. For overall ratings of internal validity
and clinical relevance, a four-point scale, ‘strong’,
‘moderate’, ‘weak’ or ‘very weak’ was used.
Agreement between reviewers was tested using
kappa and weighted kappa tests. Agreement about
retaining a paper ranged from 0.18 [95%
confidence interval (CI) 0.06 to 0.42) to 0.85 (95%
CI 0.65 to 1) depending on whether, as in the
former case, two clinicians were evaluating a paper
or two methodologists, as in the latter.

For the purposes of this review, we were interested
in trying to identify basic elements of study design
which may have a measurable impact on the
resultant effect size estimates. None of the
checklists and evaluation tools found contain such
a quantitative element. On a practical level, many
are also very lengthy, and may be impractical for
use in NICE TARs which are time constrained or
where the number of case series on a topic is
large. The included items for the scales identified
by the review are presented in Appendix 4.

Sources of heterogeneity and bias
in case series studies
Previous sections have considered general issues of
study design and bias, particularly the importance
of randomisation, the tools available to appraise
quality and their relevance to case series. Many
characteristics may give rise to bias within studies
and heterogeneity between studies. The following
list of factors are not unique to case series but
their potential effect is considered. Some of these
factors form the basis for hypothesis testing later
in this report. 

1. Population differences
Population differences such as age, sex, race, other
co-morbidity, severity of disease (as assessed by
severity score, setting of study, previous
treatment). Whether age, sex, race or other co-
morbidities have any relationship to outcome may
depend on the condition under study. 

2. Degree and nature of selection
In normal clinical practice, it is desirable that
health professionals are capable of identifying
individuals who will respond to treatment.
However, where a particular treatment has been
actively chosen over other treatments because of
anticipated greater effect in that person, this may
become a confounding factor. Indications for
treatment may vary from centre to centre and may
be associated with outcome independently of
treatment. Studies that do not have consecutive
enrolment into a study may be particularly prone
to this bias. In addition, multi-centre case series
may recruit only small numbers from each site and
could be more prone to selection bias.

3. Random variation
Other things being equal, small samples may show
more variation about a true population effect than
larger studies. However, the effect of this can be
estimated from CIs around the result.

4. Placebo effect/other treatment effect
Placebo effect has been shown to affect outcomes
positively, especially continuous outcomes such as
pain.14,15 In addition, participants who know that
they are enrolled in a study may do better than
those who receive ‘normal care’ as they perceive
enhanced treatment. Health professionals who
know that a study is taking place may offer
different treatment or care to that normally
offered or project protocols may dictate higher
than usual levels of care. Prospective enrolment
may therefore have an influence on apparent
effect.
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5. Performance bias
The extent to which the intervention is clearly
defined and then delivered in a standardised way
is a potential source of bias in all intervention
studies. In cases series where selection criteria are
poorly defined or reported, it may be difficult to
judge whether all cases were treated similarly.
Longer term case series may be subject to
important confounding effects from developments
in other technologies (e.g. changes in relevant
diagnostic techniques or improved after-care
following surgery)

6. Loss to follow-up
This may be overt in prospective studies or covert
in retrospective studies where notes may not be
available for all patients undergoing treatment. If
the chance of follow-up is associated with outcome,
then the overall estimate of outcome will be
biased. It is probable that this bias is more likely
with retrospective studies. One study found that
discrepancies in effect beyond chance between
randomised and non-randomised studies were less
common in prospective studies.38

7. Length of follow-up 
Length of follow-up is often associated with
outcome. People may have a more or less
favourable outcome the longer the follow-up
period, depending on the natural history of the
condition and the intervention. Some adverse
effects may only be identified through longer term
follow-up.

8. Measurement bias
Few case series studies report using independent
or blind outcome measurement, a design feature
which has been shown to be of importance in
controlled studies.

9. Date and place of publication
It may be the case that earlier studies were of
poorer quality or less consistently reported than
more recent studies. Publication bias of a new
intervention means that more dramatic results are
more likely to be published. Case series studies
with negative results may be even less likely to be
published than RCTs with negative results.

10. Differences between centres
Differences in technique or expertise or
application of intervention may exist between
centres. This is a true variation in outcome.

There is some consensus over which characteristics
are likely to be important but also some
uncertainty, for example whether a larger sample

size is better. Egger and colleagues in their book
Systematic Reviews in Health Care (2001)39

emphasise that, when assessing observational
studies, confounding and bias should be assessed
and that sources of heterogeneity should be
explored carefully. They contend that unlike with
RCTs, where smaller studies are assumed to be
more subject to chance (have larger CIs) and are
weighted accordingly,39 larger observational
studies are not necessarily better and so should
not be given more weight: 

“In the case of observational studies the main
problem is not lack of precision but is bias or
confounding, therefore smaller studies may give more
accurate results. They may be able to devote more
attention to characterising the exposure and
confounding factors than larger studies, and then may
be able to collect more details.”39

There may also be trade-offs between criteria, such
as prospective design and large sample size.
Prospective studies may reduce selection bias but
are likely to be smaller than retrospective studies.
Underlying all these considerations is the difficulty
of separating the effects of these potential biases
and confounders from any actual treatment effect.

Publication bias represents a further potentially
important challenge in systematic reviews which
include case series, but the scale of the problem is
not well understood. Given the inherent
methodological limitations of the study design,
small case series which suggest relatively modest
effectiveness may, theoretically, be more prone to
publication bias than other designs. This may take
the form of exclusion from the published literature
or publication in more obscure journals which are
not indexed on major electronic databases and so
less likely to be identified through standard
literature searching.

Conclusions
Evidence from case series studies is used in HTA
reports in a number of scenarios. Although, as a
study design, case series is considered a weak form
of evidence, it is not known what aspects of study
design may contribute to one case series study
being of better quality than another. Appraisal
tools for case series exist but none is exclusively
for case series design and none appear to be
evidence based. Generic tools for quality appraisal
will highlight the limits of uncontrolled case series,
but they are little help beyond this in identifying
crucial elements that distinguish the quality of one
case series study from another.

Background

12



Plan of review
The remainder of this review consists of three
distinct parts. First, we have examined 
completed NICE TARs to see how previous
reports have handled the inclusion of case 
series data (this chapter). Second, a search 
strategy was developed to identify existing
methodological papers that empirically examined

the effect of various design elements of case 
series studies on estimated treatment effect
(Chapter 3). Finally, using published technology
assessments that include both RCT and 
case series data, we will investigate the effect 
of selected elements of design (prospective 
data collection, consecutive recruitment, 
etc.) on estimates of treatment effect 
(Chapter 4).
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Rationale
The review team were aware that information
derived from case series studies has been included
in NICE HTA reports. We wanted both to quantify
this use and to examine the way in which data
from this source have been used.

Methods
Search strategy
The list of current completed NICE HTAs 
was obtained from the NICE website on the 
6 September 2002.

Inclusion and exclusion criteria
NICE TARs were assessed for the inclusion of case
series evidence by one researcher (KD).
Assessments that included diagnostic case series
were excluded. Assessments were only included if
the case series contributed to the evidence base for
effectiveness or safety.

Data extraction/synthesis
One reviewer (KD) extracted the following data:
title and author of assessment, publication date,
assessment group, number of case series included,
amount and type of other evidence included,
criteria used for the inclusion of case series,
methods used to assess the quality of case series,
method used to synthesis results and conclusions
drawn from case series evidence. Results are
presented as a descriptive summary and are
tabulated.

Results
The search identified 47 completed NICE HTA
reports. Of the 47 assessments, 14 met the
inclusion criteria by including case series evidence.

The characteristics of included studies are
presented in Table 3. Reports were completed
between June 1997 and June 2002. Nine of the
included assessments were of pharmaceuticals,
three of devices and two of surgical procedures.
The 14 included assessment reports were
produced by academic groups from the

Universities of Birmingham, York, Aberdeen,
Sheffield and Southampton. Two of the
technology reports did not identify or include any
randomised evidence for the assessment. The
other 12 reports included between one and 70
RCTs as part of the evidence base. The number of
case series included in the reports ranged from
two to 159. Additional evidence was used in some
assessment reports and consisted of systematic
reviews, cohort studies, non-randomised
comparative studies, case–control studies and
surveillance studies. 

All but one of the studies reported the reason for
including case series evidence. The reasons were
as follows: absence of RCTs/other evidence (five
reports), requested by NICE (two reports), longer
follow-up data (two reports), evidence on main
outcome (two reports), safety data (two reports) or
reason not stated (one report).

The reports applied a variety of case series
inclusion criteria. Four studies were included
purely on the basis of study size and two on the
basis of length of follow-up, three reports did not
state inclusion criteria, three stated that they did
not apply inclusion criteria and two used a
combination of criteria.

We also assessed whether reasons were given for
the criteria chosen. For six studies this was not
applicable as no criteria were specified. Other
reasons for inclusion criteria included limiting
workload, avoiding selected and unrepresentative
samples, enabling the largest pool of studies to be
included, as a result of reviewing survival analysis
(to determine required length of follow-up),
maximising generalisability and selecting the best
available evidence. Three studies did not state
their reason for the inclusion criteria.

Eleven of the included reports synthesised their
results narratively and/or used tabulation. One
study pooled results for use in the economic
model sensitivity analysis, another provided
medians and used regression to explore variation
and another included studies in a meta-analysis.
Most of the reports did not draw conclusions from
the case series evidence or did so with caution
(nine reports). One report used case series results

Health Technology Assessment 2005; Vol. 9: No. 2

15

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

Chapter 3

Review of the use of case series in NICE HTAs



Review of the use of case series in NICE HTAs

16 T
A

B
L
E

 3
Ch

ar
ac

te
ris

tic
s 

of
 t

he
 in

cl
ud

ed
 a

ss
es

sm
en

t 
re

po
rt

s 
(t

ho
se

 in
cl

ud
in

g 
ca

se
 s

er
ie

s 
ev

id
en

ce
)

A
ut

ho
r, 

Su
bj

ec
t 

of
 

R
ev

ie
w

 
N

o.
 o

f 
N

o.
 a

nd
 

N
o.

 o
f 

R
ea

so
n 

fo
r 

C
ri

te
ri

a 
fo

r 
R

ea
so

n 
fo

r 
M

et
ho

ds
 

C
on

cl
us

io
ns

 
co

m
pl

et
io

n 
re

vi
ew

gr
ou

p
in

cl
ud

ed
 

ty
pe

 o
f o

th
er

 
in

cl
ud

ed
 

in
cl

ud
in

g 
ca

se
 s

er
ie

s 
in

cl
us

io
n 

us
ed

 t
o 

dr
aw

n 
fr

om
 

da
te

R
C

Ts
in

cl
ud

ed
 

ca
se

 s
er

ie
s

ca
se

 s
er

ie
s

in
cl

us
io

n
cr

it
er

ia
sy

nt
he

si
s 

ca
se

 
ca

se
 s

er
ie

s 
ev

id
en

ce
se

ri
es

 r
es

ul
ts

ev
id

en
ce

H
yd

e,
 

Fl
ud

ar
ab

in
e 

fo
r 

U
ni

ve
rs

ity
 o

f 
2

N
on

e
7

A
bs

en
ce

 o
f 

>
50

 p
at

ie
nt

s
To

 li
m

it 
D

es
cr

ip
tiv

e/
C

on
fir

m
 t

ha
t 

Se
pt

. 2
00

140
B

-c
el

l c
hr

on
ic

 
Bi

rm
in

gh
am

RC
Ts

w
or

kl
oa

d
ta

bu
la

tio
n

ca
ut

io
us

 
ly

m
ph

oc
yt

ic
 

in
te

rp
re

ta
tio

n 
le

uk
ae

m
ia

of
 R

C
Ts

 is
ap

pr
op

ria
te

Fo
rb

es
, 

Pe
gy

la
te

d 
U

ni
ve

rs
ity

 o
f 

2
N

on
e

6
Re

qu
es

te
d 

by
 

N
on

e 
st

at
ed

N
ot

 a
pp

lic
ab

le
D

es
cr

ip
tiv

e/
N

on
e

Ju
ly

 2
00

141
lip

os
om

al
 

Yo
rk

N
IC

E
ta

bu
la

tio
n

do
xu

ru
bi

ci
n 

hy
dr

oc
hl

or
id

e 
fo

r 
ov

ar
ia

n 
ca

nc
er

Va
le

, 
M

et
al

 o
n 

m
et

al
 

U
ni

ve
rs

ity
 o

f 
1 

(c
om

pa
ra

to
r)

Sy
st

em
at

ic
 

20
 (5

 
La

ck
 o

f R
C

T
 

>
2 

ye
ar

 
N

ot
 s

ta
te

d
D

es
cr

ip
tiv

e.
 

N
on

e
Ju

ne
 2

00
242

hi
p 

re
su

rf
ac

in
g 

A
be

rd
ee

n
re

vi
ew

 =
 3

 
in

te
rv

en
tio

n,
 

da
ta

fo
llo

w
-u

p
Po

ol
ed

 a
na

ly
sis

 
ar

th
ro

pl
as

ty
 fo

r 
(c

om
pa

ra
to

r)
15

 c
om

pa
ra

to
r)

fo
r 

us
e 

in
 

hi
p 

di
se

as
e

ec
on

om
ic

 m
od

el
 

se
ns

iti
vi

ty
 a

na
ly

sis

Pe
te

rs
, 

In
ha

le
r 

de
vi

ce
s 

fo
r 

U
ni

ve
rs

ity
 o

f 
10

6 
(o

th
er

 
14

Pa
tie

nt
 

N
on

e 
st

at
ed

N
ot

 a
pp

lic
ab

le
D

es
cr

ip
tiv

e
Pr

ov
id

ed
 

A
pr

il 
20

02
43

ch
ro

ni
c 

as
th

m
a 

in
 

Sh
ef

fie
ld

no
t 

st
at

ed
)

pr
ef

er
en

ce
 

in
fo

rm
at

io
n 

ol
de

r 
ch

ild
re

n
da

ta
an

d
re

co
m

m
en

da
-

tio
ns

Va
rd

ul
ak

i, 
La

pa
ro

sc
op

ic
 

Ex
te

rn
al

 
2

Pr
os

pe
ct

iv
e 

37
Lo

ng
-t

er
m

 
>

10
 p

at
ie

nt
s

St
ud

ie
s 

no
t 

M
ed

ia
ns

, 
Br

oa
d 

D
ec

. 2
00

044
su

rg
er

y 
fo

r 
(R

oy
al

 C
ol

le
ge

 
co

ho
rt

 =
 7

fo
llo

w
-u

p
m

ee
tin

g 
de

sc
rip

tiv
e,

 
su

gg
es

tio
ns

co
lo

re
ct

al
 c

an
ce

r
of

 S
ur

ge
on

s)
Re

tr
os

pe
ct

iv
e 

cr
ite

ria
 li

ke
ly

 
po

ol
ed

 
co

ho
rt

 =
 5

to
 c

on
ta

in
 

es
tim

at
es

 a
nd

 
H

ist
or

ic
al

ly
 

se
le

ct
ed

 a
nd

 
re

gr
es

sio
n 

to
 

co
nt

ro
lle

d 
un

re
pr

es
en

ta
-

ex
pl

or
e 

co
ho

rt
 =

 2
tiv

e 
pa

tie
nt

s
va

ria
tio

n

W
ak

e,
 

Ri
tu

xi
m

ab
 fo

r 
U

ni
ve

rs
ity

 o
f 

0
N

on
e

4
La

ck
 o

f 
>

10
 p

at
ie

nt
s

N
ot

 s
ta

te
d

Q
ua

lit
at

iv
e

N
on

e
M

ar
ch

 2
00

245
re

fr
ac

to
ry

 o
r 

Bi
rm

in
gh

am
co

m
pa

ra
tiv

e 
re

cu
rr

en
t 

st
ag

e 
III

 
ev

id
en

ce
or

 IV
 fo

lli
cu

la
r 

no
n-

H
od

gk
in

’s
 

ly
m

ph
om

a

co
nt

in
ue

d



Health Technology Assessment 2005; Vol. 9: No. 2

17

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

T
A

B
L
E

 3
Ch

ar
ac

te
ris

tic
s 

of
 t

he
 in

cl
ud

ed
 a

ss
es

sm
en

t 
re

po
rt

s 
(t

ho
se

 in
cl

ud
in

g 
ca

se
 s

er
ie

s 
ev

id
en

ce
) 

(c
on

t’d
)

A
ut

ho
r, 

Su
bj

ec
t 

of
 

R
ev

ie
w

 
N

o.
 o

f 
N

o.
 a

nd
 

N
o.

 o
f 

R
ea

so
n 

fo
r 

C
ri

te
ri

a 
fo

r 
R

ea
so

n 
fo

r 
M

et
ho

ds
 

C
on

cl
us

io
ns

 
co

m
pl

et
io

n 
re

vi
ew

gr
ou

p
in

cl
ud

ed
 

ty
pe

 o
f o

th
er

 
in

cl
ud

ed
 

in
cl

ud
in

g 
ca

se
 s

er
ie

s 
in

cl
us

io
n 

us
ed

 t
o 

dr
aw

n 
fr

om
 

da
te

R
C

Ts
in

cl
ud

ed
 

ca
se

 s
er

ie
s

ca
se

 s
er

ie
s

in
cl

us
io

n
cr

it
er

ia
sy

nt
he

si
s 

ca
se

 
ca

se
 s

er
ie

s 
ev

id
en

ce
se

ri
es

 r
es

ul
ts

ev
id

en
ce

W
ar

d,
 

G
em

ci
ta

bi
ne

 fo
r 

U
ni

ve
rs

ity
 o

f 
7

7 
(d

es
ig

n 
57

 (p
ha

se
 II

 
N

ot
 s

ta
te

d
N

on
e

N
ot

 a
pp

lic
ab

le
Re

su
lts

 
N

on
e

M
ay

 2
00

146
pa

nc
re

at
ic

 c
an

ce
r

Sh
ef

fie
ld

no
t 

st
at

ed
)

tr
ia

ls)
ta

bu
la

te
d

D
in

ne
s,

 
A

pr
il 

20
01

47
Te

m
oz

ol
om

id
e 

U
ni

ve
rs

ity
 o

f 
1

N
on

e
6

A
nt

ic
ip

at
ed

 
>

45
 p

at
ie

nt
s

To
 e

na
bl

e 
th

e 
N

ar
ra

tiv
e 

Sp
ec

ul
at

io
n 

fo
r 

re
cu

rr
en

t 
So

ut
ha

m
pt

on
la

ck
 o

f d
at

a
po

ol
 o

f l
ar

ge
r 

sy
nt

he
sis

/
bu

t 
no

t 
m

al
ig

na
nt

 g
lio

m
a

st
ud

ie
s 

to
 b

e 
de

sc
rip

tio
n

co
nc

lu
sio

ns
in

cl
ud

ed

Le
w

is,
 

Tr
as

tu
zu

m
ab

 fo
r 

U
ni

ve
rs

ity
 o

f 
2

N
on

e
2

Re
qu

es
te

d 
by

 
N

on
e 

st
at

ed
N

ot
 a

pp
lic

ab
le

N
ar

ra
tiv

e 
C

on
cl

us
io

ns
 

M
ar

ch
 2

00
248

br
ea

st
 c

an
ce

r
Yo

rk
N

IC
E

su
m

m
ar

y/
m

ad
e 

w
hi

le
 

ta
bu

la
tio

n
hi

gh
lig

ht
in

g
lim

ita
tio

ns

Fi
tz

pa
tr

ic
k,

 
D

iff
er

en
t 

U
ni

ve
rs

iti
es

 o
f 

11
N

on
-

15
9

Lo
ng

er
 

>
5 

ye
ar

s 
Re

vi
ew

 o
f 

In
cl

ud
ed

 in
 

C
on

cl
us

io
ns

 
Ju

ne
 1

99
749

pr
os

th
es

es
 fo

r 
O

xf
or

d 
an

d 
ra

nd
om

ise
d 

fo
llo

w
-u

p 
da

ta
fo

llo
w

-u
p

su
rv

iv
al

 
m

et
a-

an
al

ys
is

dr
aw

n 
w

ith
 

pr
im

ar
y 

to
ta

l h
ip

 
Yo

rk
co

m
pa

ra
tiv

e 
an

al
ys

is 
ca

ut
io

n
re

pl
ac

em
en

t
=

 1
8

co
nf

irm
ed

 t
ha

t 
cu

t-
of

f w
as

 
co

ns
er

va
tiv

e

Jo
ba

np
ut

ra
, 

A
ut

ol
og

ou
s 

U
ni

ve
rs

ity
 o

f 
0

N
on

e
20

O
nl

y 
av

ai
la

bl
e 

N
on

e
N

ot
 a

pp
lic

ab
le

N
ar

ra
tiv

e 
N

on
e

D
ec

. 2
00

050
ch

on
dr

oc
yt

e 
Bi

rm
in

gh
am

ev
id

en
ce

su
m

m
ar

y
tr

an
sp

la
nt

at
io

n 
fo

r 
hy

al
in

e 
ca

rt
ila

ge
 

de
fe

ct
s 

in
 k

ne
es

Ba
gn

al
l, 

A
ty

pi
ca

l 
U

ni
ve

rs
ity

 o
f 

70
 (n

ew
 R

C
Ts

 
C

oh
or

t 
=

 1
3

27
Sa

fe
ty

 d
at

a
>

2 
ye

ar
s 

N
ot

 s
ta

te
d

N
ar

ra
tiv

e
N

on
e

M
ar

ch
 2

00
251

an
tip

sy
ch

ot
ic

s 
in

 
Yo

rk
fo

r 
up

da
te

)
C

as
e–

fo
llo

w
-u

p 
or

 
sc

hi
zo

ph
re

ni
a

co
nt

ro
l =

 1
>

20
00

 p
at

ie
nt

s

co
nt

in
ue

d



Review of the use of case series in NICE HTAs

18 T
A

B
L
E

 3
Ch

ar
ac

te
ris

tic
s 

of
 t

he
 in

cl
ud

ed
 a

ss
es

sm
en

t 
re

po
rt

s 
(t

ho
se

 in
cl

ud
in

g 
ca

se
 s

er
ie

s 
ev

id
en

ce
) 

(c
on

t’d
)

A
ut

ho
r, 

Su
bj

ec
t 

of
 

R
ev

ie
w

 
N

o.
 o

f 
N

o.
 a

nd
 

N
o.

 o
f 

R
ea

so
n 

fo
r 

C
ri

te
ri

a 
fo

r 
R

ea
so

n 
fo

r 
M

et
ho

ds
 

C
on

cl
us

io
ns

 
co

m
pl

et
io

n 
re

vi
ew

gr
ou

p
in

cl
ud

ed
 

ty
pe

 o
f o

th
er

 
in

cl
ud

ed
 

in
cl

ud
in

g 
ca

se
 s

er
ie

s 
in

cl
us

io
n 

us
ed

 t
o 

dr
aw

n 
fr

om
 

da
te

R
C

Ts
in

cl
ud

ed
 

ca
se

 s
er

ie
s

ca
se

 s
er

ie
s

in
cl

us
io

n
cr

it
er

ia
sy

nt
he

si
s 

ca
se

 
ca

se
 s

er
ie

s 
ev

id
en

ce
se

ri
es

 r
es

ul
ts

ev
id

en
ce

W
oo

la
co

tt
, 

Bu
pr

op
io

n 
SR

 
U

ni
ve

rs
iti

es
 

18
Sy

st
em

at
ic

 
17

 (c
as

e 
Sa

fe
ty

 d
at

a
N

on
e

N
ot

 a
pp

lic
ab

le
N

ar
ra

tiv
e

U
na

bl
e 

to
 

M
ar

ch
 2

00
252

an
d 

ni
co

tin
e 

of
 Y

or
k 

an
d 

re
vi

ew
 =

 2
se

rie
s 

or
 

de
te

rm
in

e
re

pl
ac

em
en

t 
Bi

rm
in

gh
am

N
on

-R
C

Ts
 =

 3
re

po
rt

s)
th

er
ap

y 
fo

r 
U

nc
on

tr
ol

le
d 

sm
ok

in
g 

ce
ss

at
io

n
=

 1
9

C
as

e–
co

nt
ro

l 
=

 1
Su

rv
ei

lla
nc

e 
st

ud
ie

s 
=

 5

Br
ya

nt
, 

G
ro

w
th

 h
or

m
on

e 
U

ni
ve

rs
ity

 o
f 

21
11

La
ck

 o
f d

at
a 

Ex
cl

ud
ed

 fo
r 

Be
st

 a
va

ila
bl

e 
N

ar
ra

tiv
e 

U
se

d 
to

 
O

ct
. 2

00
153

in
 c

hi
ld

re
n

So
ut

ha
m

pt
on

fr
om

 R
C

Ts
 o

n 
Tu

rn
er

s,
 r

en
al

 
ev

id
en

ce
 fo

r 
re

vi
ew

 a
nd

 
pr

ov
id

e 
m

ai
n 

ou
tc

om
e 

fa
ilu

re
 a

nd
 IS

S.
fin

al
 h

ei
gh

t 
ta

bu
la

tio
n

in
pu

ts
 fo

r 
m

ea
su

re
 

(id
io

pa
th

ic
m

ea
su

re
. 

pr
im

ar
y 

‘fi
na

l h
ei

gh
t’

sh
or

t 
st

at
ur

e)
.

C
ut

-o
ff 

at
 

ou
tc

om
e 

in
to

 
Fo

r 
G

H
D

 
30

0 
pa

tie
nt

s 
ec

on
om

ic
 

(g
ro

w
th

fo
r 

G
H

D
 t

o 
m

od
el

. 
ho

rm
on

e
m

ax
im

ise
 

C
on

cl
us

io
ns

 
de

fic
ie

nc
y)

ge
ne

ra
lis

ab
ili

ty
dr

aw
n 

fr
om

 
in

cl
ud

ed
 >

30
0

m
od

el
pa

tie
nt

s.
 

Fo
r 

PW
S 

(P
ra

de
r–

W
ill

i
sy

nd
ro

m
e)

in
cl

ud
ed

 o
nl

y 
ca

se
 s

er
ie

s 
st

ud
y 

fo
un

d



to confirm results of RCTs, another used case
series to provide information on patient
preference, one made broad suggestions, another
used case series evidence as inputs for the main
outcome measure in the economic model and in a
further report the conclusions drawn were unable
to be determined.

A variety of methods were used in the reports to
assess the quality of case series evidence. Ten
different quality assessment tools or checklists
were used in the 14 reports. Two reports did not
state the source of their quality assessment items
(Figure 1).

The only quality assessment items to be used in
more than one report were the modified Spitzer
checklist and the CRD Report No. 4. A total 
of 19 different quality assessment items were
assessed across the 14 reports. The most
commonly used quality items were as follows: a
clear description of the included patients/cases
(seven reports), description of loss to follow-up
(seven reports), length of follow-up
sufficient/described (eight reports) and valid,
objective, masked outcome measurement (seven
reports). There was a great deal of variation in the
use of the other quality items – see Table 4 for
details of the items included in the quality
assessment of case series. A tick (�) indicates that
an item was included in the quality checklist and a
dash (–) indicates that it was not included or not
stated. Some of the instruments include items such
as the inclusion of a control group and the

comparability of groups because the quality
checklists and scales are not designed solely for
case series, but can also be used with other types
of study design.

Conclusions from the review of
case series in HTAs considered by
NICE
Despite being regarded as poor-quality evidence,
case series studies have been included in almost
30% of completed NICE HTAs to date. In two
cases, no RCT data were available for inclusion;
the other HTAs also included RCT data from one
to 70 RCTs. Case series data were used in various
ways: to confirm the interpretation of limited RCT
evidence, to inform an economic model, to draw
conclusions and to make recommendations.

There is variation in the criteria for including case
series (such as study size or length of follow-up)
and also the methods used to assess the quality of
the case series. It is likely that case series will
continue to provide evidence in HTAs and it is
therefore important to establish quality items that
can be shown to impact on the reliability of case
series findings. 

The next chapter describes a search for
methodological papers that attempt to empirically
assess the effect of various case series design
elements on estimated treatment effect.
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Rationale
This report aimed to investigate whether or not
there are characteristics of case series design that
impact on the findings in a systematic way. In
order to establish if this had previously been
investigated in the literature, a systematic review
was undertaken. This aimed to identify any studies
which assessed the validity of case series in
relation to the way in which they were designed,
analysed or assessed for quality.

Method
Search strategy
A number of pilot search strategies were
undertaken incorporating various search terms.
Searching for case series studies is known to be
challenging compared with searching for RCTs,
which are typically well indexed. With case series it
is difficult to balance inclusivity and specificity. We
searched for existing methodological research on
case series studies using the strategy outlined in
Appendix 2. In addition to searching electronic
databases, the contents pages of several journals
were handsearched via their websites and full text
papers obtained where appropriate (see 
Appendix 3).

A very large number of papers were initially 
found in MEDLINE with the original strategy, 
and specificity was extremely low. This strategy 
was therefore used only in methodological
databases – Cochrane methodology database, 
the HTA National Research Register and the
ESRC research register. In order to make the
abstract scan manageable, a less broad search was
devised and run through MEDLINE (see
Appendix 2).

Inclusion and exclusion criteria
The inclusion process was performed by two
independent researchers and differences were
resolved by consensus. Searches were limited to
English language only. Discussion articles, papers
available only as abstracts and assessments of
diagnostic tests were excluded. Included were
primary studies which aimed to assess, in relation
to the validity of studies:

1. aspects of case series design
2. aspects of case series analysis
3. aspects of case series quality.

In addition, we were looking for studies which
compare the results of case series studies with
those obtained through another study design. 

Data extraction strategy
Data were to be extracted by one reviewer and
checked by another. We planned to extract the
following data from the studies: number of RCTs
included in the study, number of case series
studies included in the study, number and type of
other study designs included, size of the studies,
topic area, results from the case series, results from
the RCTs, quality assessment methods used,
methods of data comparison and main
conclusions.

The results of the methodological studies were to
be summarised and described with reference to
case series studies.

Results
Initial broad searches in MEDLINE produced
several thousand hits. Assessing the first hundred
of these records identified no relevant references
to acquire. We then ran this comprehensive first
search through the Cochrane methodology
database (as this is known to be produced from
MEDLINE and handsearches of other sources),
two research registers and also handsearched key
journals. However, the team considered it
important also to include a search in the key
MEDLINE database. We searched MEDLINE with
a less comprehensive search strategy, thereby
sacrificing some inclusivity but producing a
manageable number of hits that was realistic to
examine. Details of both search strategies can be
found in Appendix 2.

Number of studies identified
Search 1
� Cochrane methodology database: 112 hits, 

11 papers obtained.
� HTA National Research Register: 13 hits, three

papers obtained.
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� ESRC research register (REGARD): 32 hits, one
paper obtained. 

Search 2
� MEDLINE: 768 hits.

When duplicates were excluded, a total of 914
potential articles were identified through the
search strategies.

Handsearched journals
� Social Science and Medicine 1992;34(1) to 2003;

56(4): no hits.
� International Journal of Health Technology

Assessment: three hits, excluded at full text.
� Journal of Epidemiology and Community Health

1992;46(1) to 2003;57(2): three hits, excluded
at full text. 

� American Journal of Epidemiology 1992;135(1) to
2003;157(4): four hits, excluded at full text.

� Controlled Clinical Trials 1992;13(1) to 2003;
24(1): four hits, excluded at full text.

� Statistics in Medicine 1996;15(1) to 2003;22(14):
no hits.

� Journal of the Royal Statistical Society, Series B
1997;59(1) to 2003;65(3) and Series C 1997;
46(1) to 2003;52(3): no hits.

Number and type of studies excluded,
with reasons for specific exclusions
See Appendix 3 for details of studies identified
and reasons for exclusion. Few studies were
included at the abstract stage. We found no studies
that specifically addressed the aims of this review.
Most studies which looked at the results of non-
randomised study designs compared with RCTs

actually examined non-randomised but controlled
studies, rather than case series. The papers that
were included for background information fell
into three broad categories: studies comparing the
results of non-randomised but controlled
observational studies and RCTs, studies which
provided checklists or other quality criteria for
non-RCTs, and discussion pieces. No studies were
identified which empirically examined aspects of
case series design, analysis or quality.

Although we were unable to identify any studies
that addressed the central question of this project,
there are limitations in the methods used. It is
known to be difficult to design search strategies
that comprehensively identify non-RCT study
designs. In this case, due to time limitations, we
elected not to use results from our most inclusive
search strategy as it appeared from an initial
examination of the results that specificity was
extremely low. However, there may have been a
few relevant papers from this search that 
were not identified through our other searches. 
In addition, we focused on trying to identify
papers that had a methodological focus. It is
possible that studies that were primarily 
reports of a case series study in a particular 
subject area in fact discussed methodology aspects
of the study design and results. Such papers would
not have been identified through our search
strategies.

The next chapter describes an investigation into
the elements of case series characteristics and the
effect on study findings using four examples from
published HTAs.

Systematic review of methodological literature
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Introduction
This section reports on the third part of our
review: the empirical investigation of various
aspects of case series study design and results
using case examples from existing reports
produced as part of the NICE HTA programme.
We investigated whether particular aspects of
study design and quality are associated with
significant and systematic variation in results. We
hoped that this could be used to inform reviewers
who need to use case series studies about which
methodological characteristics are likely to be of
greatest significance and possibly to describe the
direction of likely bias.

Hypotheses
The following hypotheses relating to the design of
case series studies and the outcome frequency that
they report were specified a priori:

1. Smaller sample sizes may be associated with
more selection of those cases to include, or
may show greater variation around a ‘true’
outcome frequency. We tested the null
hypothesis that sample size has no systematic
effect on outcome.

2. The outcome in case series could be better
than in population-based or registry-based
studies due to selection or to the healthy study
effect. We tested the null hypothesis that there
is no difference between these and case series
studies.

3. The desirable outcome frequency in
retrospective studies may be systematically
better than in those which are prospective,
due to selection. We tested the null hypothesis
that there is no difference.

4. Multi-centre case series may show greater
desirable outcome frequency than single-
centre case series as there is more likely to be
selection of cases. We tested the null
hypothesis that there is no difference.

5. Prospective studies with consecutive
enrolment may show greater desirable
outcome frequency than those which employ

non-consecutive enrolment. We tested the null
hypothesis that there is no difference.

6. It is possible that studies where outcomes are
not measured independently or blindly will
show greater desirable outcome frequency
than studies in which outcomes were assessed
independently or in which there was outcome-
assessor blinding. We postulate that lack of
blind or objective outcome assessment has a
systematic effect to increase outcome
frequency. We tested the null hypothesis that
there is no difference.

7. Length of follow-up is often related to
estimate of outcome frequency, due to the
natural history of the condition under study.
We hypothesised that, for those outcomes that
are not clearly related to length of follow-up,
case series with short follow-up periods would
systematically report better outcomes than
those with longer follow-up periods. We tested
the null hypothesis that there is no difference.
It is possible that no effect would be discerned
as loss to follow-up may bias the findings
towards higher good outcome frequency. We
planned to explore this where data were
available.

8. We hypothesised that early reports of a new
intervention would be likely to be published
by enthusiasts and hence desirable outcome
frequency would be higher in early reports of
an intervention than in later reports. We
tested the null hypothesis that there is no
difference.

9. We tested the hypothesis that low-quality
studies (as defined by a prespecified method)
report higher desirable outcome frequency
(null hypothesis of no effect).

10. Where possible, comparison between desirable
outcome frequency estimated from case series
and from RCTs was made.

Methods
Study identification
Initially, a list of projects undertaken for the UK
HTA programme up to October 2002 was drawn
up to show which had included case series
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evidence. These assessments were found through
our own project lists, published HTAs and
contacting health technology assessment teams
and are shown in Table 5. To be included, HTAs
had to meet the following inclusion criteria, that
had been specified a priori:

� at least 40 published case series studies
available

� information on age of participants included (as
a minimum description of the population)

� at least one good-quality controlled trial in the
topic area.

Selection of topic areas
Few HTA reports both contained an RCT and had
more than 40 case series studies available. We
included in the study: the reviews of functional
endoscopic sinus surgery (FESS) for nasal polyps,
spinal cord stimulation (SCS) for chronic back
pain and coronary artery bypass grafting (CABG)
and percutaneous transluminal coronary
angioplasty (PTCA) for chronic stable angina. The
two treatments for angina were investigated
separately. The HTA on hip replacement was
initially considered for inclusion. However, closer
examination of the studies included in this review
revealed a very wide range of different
interventions (hip prostheses). This suggested that
any effects on outcome from methodological
features may have been swamped by heterogeneity
in the intervention. This concern and time
constraints on the study led to a decision to
restrict the investigation to only three topic areas.

For the studies on surgical treatments for angina
and FESS for nasal polyps, the teams originally
assessing these technologies had restricted the
inclusion of case series studies by the number of
participants included. In the case of angina studies
this was for studies with <1000 participants and
for FESS it was <50 patients with polyps. In order
to examine the effect of sample size, these smaller
studies were obtained. In the case of the FESS
study, a full list of papers excluded owing to small
study size was presented in the original report and
this was used to obtain the relevant papers. In the
case of angina, no list of excluded studies was
provided. The search strategy described in the
angina report was therefore re-run and the
abstracts were examined to identify case series
papers with <1000 participants with angina
undergoing PTCA or CABG.

Two reviewers (RG and KS) examined the abstracts
to decide which studies should be included.
Studies were included if they used PTCA or CABG

to treat angina, were case series studies, were
published before 1999 (the date of the original
report) and contained <1000 people.

Data extraction
Data were extracted from the published or
unpublished reports of the included HTAs and
from the original papers that had been excluded
by these reports owing to the small sample size.
Data were extracted by one reviewer (RG or KD)
and checked by a second reviewer (KS or EC). The
following data concerned with the study design
and the sample achieved were extracted from each
study within each HTA:

� study size 
� prospective or retrospective design 
� consecutive enrolment of patients or otherwise 
� single-centre or multi-centre study 
� date of publication 
� length of follow-up
� independence or blinding of outcome

assessment, that is, performed by someone not
directly involved in applying the intervention or
by using objective criteria [for FESS,
symptomatic improvement; for SCS, pain relief;
for angina, grading method for recurrent
angina such as the New York Heart Association
(NYHA) measure]

� age of participants
� proportion of study population who were male.

In addition, for each of the topic areas,
information about the severity of the condition
and other condition specific sample characteristics
was also extracted:

1. FESS57

(a) Percentage of sample with polyps (success
of the procedure may vary among those
with symptoms caused by polyps or other
causes resulting in selection bias).

(b) Percentage of the sample who had
previously undergone surgery for the same
condition (success rates may differ for first
and subsequent surgical procedures
resulting in selection bias).

2. SCS58

(a) Absence of co-interventions.
(b) Use of validated pain outcomes.
(c) Mean pain duration.
(d) Percentage of sample undergoing previous

surgery.
(e) Quality score for the study reports.

3. CABG and PTCA for stable angina59

Investigation of characteristics and findings of case series
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(a) Percentage of the sample with unstable
angina.

(b) Percentage of the sample with
hypertension.

(c) Percentage of the sample with diabetes.
(d) Percentage of the sample with proximal left

anterior descending coronary artery (LAD)
stenosis.

(e) Percentage of the sample with left main
artery disease.

(f) Percentage of the population with class 3 or
4 angina as measures on the NYHA scale.

(g) Mean ejection fraction.
(h) Percentage of the population with left

ventricular dysfunction.

Finally, data on outcomes were extracted as follows:

1. FESS
(a) Symptomatic improvement.
(b) Polyp/disease recurrence.
(c) Revision surgery.
(d) Patency.

2. SCS
(a) Percentage of patients with postoperative

pain relief >50%. 
(b) Difference in mean pain scores on a visual

analogue scale (VAS).
3. CABG and PTCA for angina

(a) Percentage mortality.
(b) Percentage of population experiencing

recurrent angina postoperatively.
(c) Survival at 5, 7 and 10 years taken from

survival analysis.

Outcome measures were recorded as they were
reported in the original papers and previous
reviews as a mean result for the study as a whole.
For the FESS studies, an alternative outcome
measure using the whole cohort as a denominator
was also calculated as an intention-to-treat (ITT)
analysis. However, as there was large loss to follow-
up in these trials, the ITT results are extremely
conservative and may not be useful in this context.

Papers excluded – angina
We combined the results of a UK study reported at
1 year by Farrer and colleagues in 199760 and at 
5 years by Skinner and colleagues in 199961 and
these are reported under the Farrer study.

Papers for the PTCA and CABG for angina were
excluded if they analysed only those in whom the
operation was ‘successful’ or if they excluded those
who died in hospital and did not report patient
numbers. We also excluded studies that only
reported outcome in hospital without longer term

follow-up. A list of excluded papers is shown in
Appendix 5.

Papers excluded – FESS
As there was a full list of papers excluded owing to
small sample size in the Appendix of this report,
we did not rerun the search. None of the papers
identified in the Appendix were subsequently
excluded for this study.

Papers excluded – spinal cord
stimulation
All case series studies identified were included in
this review, we did not rerun a search and all
studies reported were included here.

Methods: analysis of study
characteristics
The analysis of study characteristics was
undertaken at a between-study level within each
review. For each of the study hypotheses described
in the section ‘Hypotheses’ (p. 25), where the
potential explanatory variable is continuous a
scatter plot was drawn and inspected and, if
appropriate, a linear regression analysis was
performed. Given the considerable heterogeneity
in the data, robust regression was carried out
using STATA version 8. The approach identifies
single data points which have a particularly strong
impact on the regression and sets these aside. The
remaining data points are weighted according to
the size of their residuals prior to an ordinary
least-squares (OLS) regression being carried out.
This method, although having lower statistical
power in ideal circumstances, does not require the
errors in the data to be normally, independently
and identically distributed (normal i.i.d.). It is
therefore a more general and flexible approach.
Weighted regression analyses were also performed,
weighted by sample size.

Where the potential explanatory variable was
dichotomous, a box and whisker plot was drawn
and a t-test and Mann–Whitney test were
performed. Analysis of variance (ANOVA) was
performed, weighted for sample size.

As variations in the population included in
different studies may explain some of the
differences in outcomes, data on possible
explanatory study characteristics such as disease
severity, mean age and proportion of the
population that was male had been extracted.
Multivariate analysis using these explanatory
variables was performed using multivariate robust
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regression or ANOVA analysis of covariance
(ANCOVA) as appropriate. 

A comparison between the effect on outcome
shown in case series and the intervention arms of
RCTs was carried out. First, multiple regression
analyses including all relevant case series (robust
and weighted) were carried out with the
intervention as an explanatory factor. The
coefficient in this analysis represents the effect of
the intervention across case series. This was
compared with the effect across intervention arms
in RCTs using a meta-analysis, based on a random
effects model. This comparison was carried out
only for PTCA and CABG for angina as too few
data points were available in the other data sets to
permit meaningful analyses.

The outcome measures extracted from the studies
were reported at different time periods,
depending on the length of follow-up of the entire
study. For relatively non-time-dependent outcomes
(such as those with following FESS and SCS), the
relationship between length of follow up and
outcome was one of our hypotheses. For the
angina outcomes, the natural history of the
condition suggested that the outcome measure of
mortality would worsen with time. Therefore, a
yearly adjusted outcome measure was calculated by
dividing the reported outcome by the average
length of follow-up. Although this is likely to be an

oversimplification of the true relationship between
length of follow-up and mortality, this seemed to
be a reasonable assumption. This method, as
opposed to including length of follow-up in a
multivariate analysis, was used because of the
relatively small number of observations in the data
set. For angina recurrence, the possible linear
relationship was not as clear, hence both non-
adjusted and adjusted outcome measures were
calculated.

Results
Details of the number and type of studies that
form the three data sets analysed in this section
are shown in Table 6. The included papers were
often not explicit about items such as whether the
data were collected prospectively or consecutively.
Where it was not possible to tell one way or
another, these data were excluded from further
analysis. In addition to RCTs and case series, other
study designs were also examined – these included
non-randomised comparative studies (using, for
example, a historical control group or a group
treated at the same institution) and case–control
designs. Full details of the data extracted can be
seen in Appendix 6. All multiple regression
analyses were tested for homoscedasticity using the
Cook–Weisberg test in STATA. None showed
evidence of heteroscedasticity.

Health Technology Assessment 2005; Vol. 9: No. 2

29

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

TABLE 6 Summary of studies included in analysis

FESS SCS Angina PTCA Angina CABG

Number of case series 42 76 63 72
Number of RCTs 3 1 10 10
Number of other designs 3 comparative 1 cohort 12 comparative 4 comparative

4 case–control 4 case–control

For case series:
Median (range) in sample size 114 (5–1112) 36 (1–304) 166 (11–10785) 221 (10–172,283)
Number prospective 11 13 14 36
Number retrospective 19 38 15 28
Not clear whether retrospective or 12 25 34 8

prospective
Number registry or population based 1 0 4 3
Number multi-centre 6 Not known 4 12
Number single-centre 36 1 55 53
Not clear if single- or multi-centre 0 75 4 7
Number consecutive enrolment 13 16 32 38
Number not consecutively enrolled 7 Not known 3 18
Not clear if consecutively enrolled 22 60 28 16
Median (range) in publication date 1994 (1978–2001) 1990 (1975–2001) 1991 (1982–1998) 1990 (1973–1998)
Number recording independent 

measure or blind outcome 15 43 24 23
Median (range) in length of 17 (3–42) 24 (1–120) 27 (1–120) 48 (3–240)

follow-up (months)
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Results for FESS
A total of 42 case series studies were available for
analysis relating to FESS for the treatment of nasal
polyps. Further details of the studies are shown in
Table 6. The data extracted are presented in
Appendix 6.

FESS – regression analysis of case series studies
Scatter plots were produced to investigate the
relationship between outcomes and length of

follow-up. These are shown in Figures 2 and 3.
There is no clear linear relationship, particularly
for patency, where few data points are present.
Robust and non-robust regression was used to
investigate the hypotheses outlined in the section
Hypothesis and results are shown in Table 7.
Where robust analysis is used, the number of
studies excluded is stated. This number differs for
each variable as different numbers of studies
reported each variable and the outcome assessed.
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TABLE 7 Univariate analysis – investigation of hypotheses through robust regression for FESS studies

Outcomes

Hypothesis Symptom improvement (%) Patency

Sample size has no effect on desirable outcome No effect seen No effect seen
frequency Robust regression coefficient 0.006, Robust regression 

p = 0.61 (95% CI –0.02 to 0.03) coefficient 0.03, p = 0.6 
n = 29 excluded: Danielsen and (95% CI –0.12 to 0.17)
Oloffsson (230 patients)a n = 8, no studies excluded

Prospective shows lower desirable outcome No effect seen No effect seen
frequency than retrospective Mean 83% for both groups Mean 94% prospective vs 

Mann–Whitney p = 0.23 86% retrospective
n = 21 Mann–Whitney p = 0.2

n = 7

Case series show higher desirable outcome No data for comparison No data for comparison
frequency than registry- or population-based 
studies

Multi-centre studies show higher desirable Significantly higher results in Significantly higher results 
outcome frequency than single-centre studies multi-centre trials in multi-centre trials

Mean 92% vs 81% 95% vs 70%
Mann–Whitney p = 0.02 Mann–Whitney p = 0.03

Prospective studies with consecutive enrolment No effect seen No data for comparison
show lower desirable outcome frequency 87% prospective and 85% retrospective
than those with non-consecutive enrolment Mann–Whitney p = 0.24

n = 15

Studies with independent or blinded No effect seen No effect seen
measurement of outcome will show lower 82% blinded/independent measurement, Mean 89% vs 64%
desirable outcome frequency than those 78% not. Mann–Whitney p = 0.15
without such features Mann–Whitney p = 0.24 n = 8

n = 19

Length of follow-up will be negatively associated No effect seen No effect seen
with desirable outcome frequency Conflicting results Weighted regression

Weighted regression coefficient –0.58, coefficient 0.04, p = 0.91 
p = 0.040 (95% CI –1.14 to –0.03) (95% CI –0.92 to 1)
Robust regression coefficient –0.004, Robust regression 
p = 0.986 (95% CI –0.49 to 0.48) coefficient 2.61, p = 0.08 
n = 19, no study excluded (95% CI –0.5 to 5.8)

n = 5, no study excluded

The date of publication will be negatively No effect seen No effect seen
associated with desirable outcome frequency Weighted regression coefficient = 0.35, Weighted regression 

p = 0.42 (95% CI –0.54 to 1.25) coefficient –0.1, p = 0.92 
Robust regression coefficient 0.46, (95% CI –2.6 to 2.4)
p = 0.225 (95% CI –0.3 to 1.23) Robust regression 
n = 29, excluded Danielson and coefficient 0.005, p = 0.99 
Olofsson (230 patients)a (95% CI –4.7 to 4.7)

n = 8, no study excluded

a Here and in subsequent tables and text, for details of studies see Appendix 6.



For most variables, no effect was seen with robust
and non-weighted regression. Length of follow-up
appeared to be negatively associated with
symptomatic improvement in a weighted, but 
not a robust regression. Insufficient data were
available for comparisons using patency and
consecutively enrolled prospective studies 
and for both outcomes and registry-based studies.
Multi-centre design showed a significant effect 
and this was found for both outcomes (p = 0.02; 
p = 0.03).

FESS – multivariate analysis of case series 
studies
A negative regression coefficient was found
between age and symptom improvement and
patency, but this was non-significant. A positive
regression coefficient was found between these
outcomes and the percentage of males in the
sample; this was non-significant for patency, but
significant for symptom improvement, b = 0.68 
(p = 0.003). The addition of age and sex to the
univariate analyses performed above did not
change any of the findings with the exception of
multi-centre study design, which remained
significant for patency (p = 0.05) but not for
symptomatic improvement.

Results for SCS
There were 75 case series studies of SCS for
chronic back pain available for analysis. See 
Table 6 for further details. 

SCS – regression analysis of case series studies
Reported proportion of people achieving >50%
postoperative pain relief plotted against average
length of follow-up in years was explored in a
scatter plot (Figure 4). Regression analysis showed
a non-significant small negative coefficient for
length of follow-up (regression coefficient –0.0021, 
p = 0.126, 95% CI –0.005 to 0.0013) (Table 8).

There were insufficient data to undertake the
analysis for the VAS outcome difference in pre-
and postoperative pain. As there were no registry-
or population-based studies identified, it was not
possible to explore this hypothesis. Insufficient
data also prevented the exploration of the effect of
use of blinded or independent measures of
outcome, multi-centre versus single-centre trials
and the effect of consecutive enrolment.

The quality score used in the SCS review was
derived from the Jadad score for RCTs31 whereas
the quality of case series was designed for this

Investigation of characteristics and findings of case series

32

20

40

60

80

100

0 2 4 6 8 10

Length of follow-up (years)

Pa
in

 r
el

ie
f (

%
)

FIGURE 4 Scatter plot of percentage pain relief after SCS and length of follow-up



assessment by the authors and was based on
previously published checklists including items on
selection bias, attrition bias, performance bias and
detection bias. It included some of the items that
we investigated (consecutive recruitment,
prospective recruitment, independent/blind
outcome assessment) and others not included here
(see Appendix 6 for details). A significant negative
correlation was seen between the study quality
score and desirable outcome frequency (i.e. poorer
quality studies overestimated treatment effect
compared with higher quality studies).

SCS – multivariate analysis of case 
series studies 
No significant associations with any of the possible
explanatory or confounding variables were

identified – age, proportion male, duration of
pain, number of previous operations (Table 9).
Inclusion of age and sex in the multivariable
analysis did not alter the findings.

Results for CABG and PTCA for angina
Unlike the results for FESS and SCS, which
reported outcomes relating to treatment success,
the reported outcomes in the angina studies were
undesirable (mortality and recurrence of angina).
Insufficient studies reported on 5-year or longer
survival to perform statistical analyses. 

A total of 72 case series studies were identified for
CABG for angina and 63 case series for PTCA for
angina. The quality of the RCTs identified is not
reported in the original review.
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TABLE 8 Univariate analysis – investigation of hypotheses through robust regression analysis using SCS studies

Hypothesis Pain relief >50%

Sample size has no effect on desirable outcome frequency No effect seen
Robust regression coefficient –0.00013, 
p = 0.845 (95% CI –0.0014 to 0.0012) 
n = 56, no studies excluded
Weighted regression 0.0005, p = 0.22 
(95% CI –0.0003 to 0.0013) 

Prospective shows lower desirable outcome frequency than retrospective No effect seen
Mean 65% prospective and 62% retrospective
Mann–Whitney p = 0.81
n = 34

Case series show higher desirable outcome frequency than registry- or Insufficient data
population-based studies

Multi-centre studies show higher desirable outcome frequency than Insufficient data
single-centre studies 

Prospective studies with consecutive enrolment show lower desirable Insufficient data
outcome frequency than those with non-consecutive enrolment

Studies with independent or blinded measurement of outcome will show Insufficient data
lower desirable outcome frequency than those without such features 

Length of follow-up will be negatively associated with desirable outcome No effect seen
frequency Robust regression coefficient –0.0021, 

p = 0.126 (95% CI –0.005 to 0.0006) 
n = 38, no studies excluded 
Weighted regression –0.00075, p = 0.475
(95% CI –0.003 to 0.0013) 

The date of publication will be negatively associated with desirable No effect seen
outcome frequency Weighted regression coefficient 0.002, 

p = 0.651 (95% CI –0.005 to 0.008) 
Robust regression coefficient –0.002, p = 0.51
(95% CI –0.009 to 0.005) 
n = 57, no studies excluded

Quality score will show a negative association with desirable outcome Negative correlation 
frequency Weighted regression coefficient –0.06, 

p = 0.002
Robust regression coefficient –0.053, p = 0.04
Weighted ANOVA, p = 0.038



PTCA – regression analysis of case series studies
A scatter plot showing reported mortality
(proportion) against length of follow-up in years
was plotted for PCTA and is shown in Figure 5.
There was a positive regression coefficient (0.007,
p = 0.03). Adjusted yearly mortality was therefore
used in the analysis.

A scatter plot of recurrent angina (proportion) and
length of follow-up showed no linear relationship
(Figure 6). The natural history of the condition
suggests that angina recurrence should increase
rather than decrease over time, so this finding is
surprising. Loss to follow-up, including deaths,
may explain the apparent lack of relationship,
although the inclusion of mortality in a
multivariate analysis did not demonstrate that this
factor had a significant confounding effect. This is

explored further in comparison with RCTs in the
section ‘Comparison of case series results with
RCT results’ (p. 44). We performed analysis of
angina results both adjusted for length of follow-
up and non-adjusted.

Table 10 shows the results of the robust regression
analysis for case series studies of PTCA for the
treatment of angina. The table notes the number
of studies excluded through using robust
regression for each investigated study
characteristic. This number may be different for
the same hypothesis investigated for different
outcomes as different numbers of studies report
each outcome and methodological characteristics
that we are investigating (for example, length of
follow-up). For continuous variables (sample size,
length of follow-up, date of publication) robust
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TABLE 9 SCS – robust regression of sample characteristics and pain relief

Robust regression 95% CI p-Value No. of studies on which 
coefficient analysis based

Age –0.0203 –0.046 to 0.005 0.110 29, no studies excluded 
Proportion of males 0.3055 –0.238 to 0.84 0.258 38, no studies excluded
Duration of pain –0.042 –0.087 to 0.003 0.067 21, no studies excluded
No. of previous operations –0.07 –0.23 to 0.09 0.35 15, no studies excluded
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FIGURE 5 Scatter plot of mortality after PCTA for angina and length of follow-up



regression coefficients are reported. For
dichotomous variables (prospective data collection,
registry-based data collection, use of independent
outcome measurement), means and medians are
reported. 

Due to the nature of the outcome, it is not
appropriate to assess the effect of independent or
blinded measurement of mortality and this
analysis has not been undertaken. Only three
studies involved multi-centre data collection and
comparative statistics were not calculated owing to
insufficient data. As only a few studies collected
data from a disease register, there were insufficient
data to analyse the possible effect of this
characteristic. For most other study characteristics,
no effect was seen in the level of reported outcome
and this was true for angina outcomes whether
adjusted or non-adjusted data were examined.
However, a significantly higher rate of recurrent
angina was seen in the non-adjusted analysis for
studies that measured this outcome independently
compared to those that did not (weighted ANOVA,
p = 0.005). When the data were adjusted for
length of follow-up, no effect was noted for this
variable. Publication date was negatively associated
with undesirable outcome frequency for adjusted
angina recurrence (i.e. earlier publication date

showed less favourable results, not more
favourable results as we had hypothesised). For
further details, see Table 10.

PTCA – multivariate analysis of case series studies
Population characteristics that may act as
confounders and for which data were available are
shown in Table 11. The proportion of patients with
single-vessel disease in the studies exhibited a
trimodal distribution, because number of diseased
vessels was an inclusion criterion in some studies.
This variable was excluded from further analysis.
Sample age, the proportion of male patients and
the proportion of patients with more severe
angina, as measured by the NYHA criteria, were
the variables for which most data were available
and these were therefore used in the multivariate
analysis.

PTCA – multivariate analysis of case series studies
– mortality
The multivariate analyses included age,
proportion of males and proportion of people in
NYHA grade 3 or 4. These are all significant or
marginally significant in univariate robust
regression shown in Table 12. The data show the
expected effects of these variables with greater
age, female sex and more severe angina related to
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FIGURE 6 Scatter plot of angina recurrence after PTCA and length of follow-up
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worse outcomes for angina treatment. However,
the effect of more severe angina only approaches
significance. 

Using unadjusted mortality as the outcome,
multivariate analysis found length of follow-up to
have a significant positive coefficient of 0.01 (95%
CI 0.0007 to 0.02), p = 0.04. This analysis was
based on 24 studies. This shows little change from
univariate regression (see Table 10). However,
robust regression showed no effect with adjusted
mortality [–0.001; 95% CI 0.255 to –0.002; 
p = 0.255, two studies excluded (Safian and
Urban)].

Sample size, publication date and objective
measurement of outcome continue to have no
effect on outcome, as frequently seen in the
univariate analysis shown in Table 10 (based on 24,
24 and 20 studies, respectively). 

It was not possible to investigate prospective,
consecutive enrolment and multi-centre vs single-
centre enrolment in multivariate analysis as all
had insufficient data for analysis.

PTCA – multivariate analysis of case series studies
– angina recurrence
Potential explanatory sample variables for the
non-adjusted rate of angina recurrence were
examined through robust regression analysis as
shown in Table 13 and adjusted for length of
follow-up (Table 14). None were found to be
significant in either type of analysis. The direction
of association of severity of angina with recurrence
is counter-intuitive. However, this may be due to a
healthy survivor effect where those with more
severe angina are more likely to die, leaving the
proportion alive with recurrent angina reduced.
Length of follow-up showed a significant negative
coefficient based on 19 studies in non-adjusted

Investigation of characteristics and findings of case series

38

TABLE 11 Sample characteristics of PTCA for angina case series

Range Median Mean (SD) n

Mean age (years) 46 58 56.3 (9.3) 55
Proportion male 0.42 0.77 0.77 (0.08) 61
Proportion left ventricular dysfunction 0.34 0.32 0.28 (0.15) 6
Mean ejection fraction 0.21 0.58 0.58 (0.05) 17
Proportion with single-vessel disease 1 0.53 0.49 (0.31) 50
Proportion of patients in NYHA grade 3 or 4 0.74 0.62 0.61 (0.18) 35
Proportion with left main stem disease 0.02 0.01 0.02 (0.01) 5

TABLE 12 PTCA – robust regression of sample characteristics and adjusted mortality

Robust regression 95% CI p-Value No. of studies on which 
coefficient analysis based

Age 0.0007 0.0002 to –0.001 0.01 42 (excluded: Safian, Urban)

Proportion male –0.12 –0.15 to –0.08 0.000 47 (excluded: Urban, Safian,
Maiello)

Proportion of patients in 0.03 –0.005 to 0.06 0.09 27 (excluded: Safian)
NYHA grade 3 or 4

TABLE 13 PTCA – robust regression of sample characteristics and angina recurrence (non-adjusted)

Regression 95% CI p-Value No. of studies included in 
coefficient analysis

Age 0.003 –0.003 to 0.008 0.37 44, no studies excluded

Proportion male 0.35 –0.28 to 0.97 0.28 49, no studies excluded

Proportion of patients in –0.17 –0.58 to 0.24 0.4 28, no studies excluded
NYHA grade 3 or 4



analysis (negative coefficient –0.03; 95% CI –0.05
to –0.01; p = 0.004). In addition, the effect of
male sex is different with adjusted and non-
adjusted analyses.

Multivariate analysis which included age,
proportion male and proportion with NYHA
grade 3 or 4 angina showed that sample size
continued to have no effect (based on 23 studies)
and publication date had no effect (based on 
22 studies). 

Insufficient data were available about other
variables to allow analyse any of the other
hypotheses. See Table 10 for comparison with the
results of univariate analysis.

CABG – regression analysis of case series studies 
A scatter plot of mortality proportion against
length of follow-up in years for CABG is shown in
Figure 7. There was a positive regression coefficient
(0.02, p = 0.000) and adjusted yearly mortality
was therefore used in the analyses. This meant
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TABLE 14 PTCA – robust regression of sample characteristics and adjusted angina recurrence

Regression 95% CI p-Value No. of studies included in 
coefficient analysis

Age 0.002 –0.0005 to 0.003 0.13 42,excluded: Urban, Krajcer,
Myler, Melchior, Mata,
Gaylani, Safian, Anderson

Proportion male –0.15 –0.39 to 0.08 0.2 47, excluded: Holmes,
Myler, Anderson, Krajcer,
Urban, Mata, Safian,
Melchior

Proportion of patients in –0.025 –0.17 to 0.12 0.72 27, excluded: Anderson, 
NYHA grade 3 or 4 Safian, Urban, Myler,

Melchior, Krajcer
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FIGURE 7 Scatter plot of mortality after CABG for angina and length of follow-up 



that one study (Gelbfish, n = 28) was excluded
from the analysis as the adjusted mortality was
equal to one.

A scatter plot of reported recurrent angina
(proportion) against length of follow-up is shown
in Figure 8. A significant positive association was
found (robust regression coefficient 0.02, p = 0.02)
and adjusted outcomes were therefore used. 

Table 15 shows the results of the analyses for case
series studies of CABG for the treatment of
angina. The table notes the number of studies
excluded as outliers through using robust
regression for each investigated study
characteristic. This number may be different for
the same hypothesis investigated for different
outcomes, as different numbers of studies report
each outcome and record the aspects of the
hypotheses that we are investigating.

As before, since blinding or independent outcome
measurement is not an appropriate description of
the outcome mortality and was not reported by
any study, this has not been investigated.
Comparative statistics were not calculated about
registry studies as insufficient data were available
(only two registry-based studies were reported).

Comparative statistics have not been calculated for
the effect of consecutive enrolment as there are
insufficient studies reporting non-consecutive
enrolment (n = 2) to allow analysis. For multi-
centre study design, only two studies reporting
recurrent angina as an outcome also reported
multi-centre enrolment, and there were therefore
insufficient data for analysis.

Sample size was shown not to effect outcome
frequency for either mortality or recurrent angina.
In investigating sample size, six studies were
excluded as outliers in the robust regression analysis.
It should be noted that two of these are very large
(Acinapura, n = 3853; Weintraub, n = 2030).

Compared with the results of regression for PTCA
treatment for angina, the results for CABG are
more discrepant. Although no effect on reported
mortality and adjusted angina recurrence was
noted with prospective enrolment compared with
retrospective enrolment, discrepant results were
seen for unadjusted angina recurrence. This was
also true for independent outcome measurement.

Date of publication did not affect reported
mortality. Adjusted recurrent angina rates showed
significant results for robust regression analyses.

Investigation of characteristics and findings of case series
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However, the size and direction of the regression
coefficient were similar in all analyses, earlier
publication date being associated with less
favourable results.

CABG – multivariate analysis of case series
studies
Population characteristics that may act as
confounders and for which data were available are
shown in Table 16. The proportion of patients with
single-vessel disease in the studies exhibited a
trimodal distribution, because the number of
diseased vessels was an inclusion criterion in some
studies. This variable was excluded from further
analysis. Sample age, the proportion of male
patients and the proportion of patients with more
severe angina, as measured by the NYHA criteria,
were the variables for which most data were
available and these were therefore used in the
multivariate analysis.

CABG – multivariate analysis of case series
studies for mortality
Robust regression was used to investigate the
sample characteristics of age, proportion of males
and proportion of patients with NYHA grade 3 or
4 angina and the outcome of adjusted mortality.
Age and proportion males were significant in
univariate analyses (see Table 17) and showed

effects in the expected direction. However, the
proportion of patients with more severe angina
was shown to have a non-significant negative effect
on mortality, which is counter-intuitive. However,
this analysis was only based on 16 studies and
confidence intervals were wide. 

Multivariate analysis was therefore conducted,
including age and proportion of males in the
sample. Sample size had no effect, with similar
results to the univariate analysis shown in Table 15.
Similar results to univariate analyses were also
seen for length of follow-up and publication date.
Length of follow-up (based on 39 studies, excluding
Ruygrok and Weintraub) had a significant positive
coefficient 0.022 (95% CI 0.016 to 0.028) p =
0.000. Publication date had a significant negative
coefficient, –0.0015 (95% CI –0.003 to –0.0002), 
p = 0.02 (based on 38 studies, excluding Ruygrok,
Gelbfish and MacDonald). There were insufficient
data to analyse the other hypotheses.

CABG – multivariate analysis of angina
recurrence
Robust regression analysis was performed to
explore possible explanatory sample characteristic
variables associated with non-adjusted angina
recurrence (Table 18) and adjusted angina
recurrence (Table 19). None of the potential
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TABLE 16 Sample characteristics of CABG for angina case series studies

Range Median Mean (SD) n

Mean age (years) 46 57 58.6 (8.6) 53
Proportion male 0.55 0.85 0.82 (0.11) 64
Proportion left ventricular dysfunction 0.55 0.51 0.47 (0.15) 19
Mean ejection fraction 0.14 0.59 0.58 (0.04) 20
Proportion with single-vessel diseasea 1 0.09 0.15 (0.18) 40
Proportion of patients in NYHA grade 3 or 4 0.71 0.79 0.76 (0.18) 24
Proportion with left main stem disease 0.38 0.15 0.17 (0.09) 23

SD, standard deviation.
a Trimodal distribution, not suitable for regression analysis.

TABLE 17 CABG – robust regression analysis of sample characteristics and adjusted mortality

Robust regression 95% CI p-Value No. of studies included 
coefficient in analysis

Age 0.001 0 to 0.002 0.05 42, excluded: Gelbfish

Proportion male –0.10 –0.16 to –0.04 0.001 48, excluded: Ruygrok,
Weinstraub, MacDonald

Proportion of patients in –0.004 –0.04 to 0.03 0.85 16, excluded: Mullany, 
NYHA grade 3 or 4 Weinstraub, Farrer,

MacDonald



explanatory variables were significant in univariate
analyses for unadjusted angina recurrence. 

Multivariate analyses were undertaken including
age and proportion of males for completeness. As
was seen in univariate analysis (Table 15), no effect
was seen for sample size (based on 28 studies
unadjusted; 22 studies adjusted, excluding
Ruygrok). Publication date had a negative
coefficient of –0.005 (95% CI –0.015 to 0.005), 
p = 0.37 (based on 28 studies, unadjusted 
data). This coefficient value was similar to that in
the univariate analysis but no longer significant.
For adjusted data, publication date showed a
significant negative coefficient (–0.007, 95% CI
–0.01 to –0.004, p = 0.00) based on 19 studies
(excluding Simmons, Gelbfish, Farrer and
Ruygrok).

The coefficient for the length of follow-up based
on unadjusted data was similar to that in univariate
analysis at 0.02 (95% CI –0.0034 to 0.04), p = 0.09.
For adjusted data, similar results were obtained
(coefficient –0.019, 95% CI –0.037 to –0.002, 
p = 0.032; based on 22 studies). There were
insufficient data to analyse the other hypotheses.

Comparison of case series results with
RCT results
It was hypothesised that case series data would
show higher desirable outcome frequency than a
similar intervention in one arm of an RCT. This
section reports on the results of an analysis
addressing this hypothesis. 

FESS – case series and RCT comparison
There were only three RCT studies relating to
FESS. One of these reported only disease
recurrence as an outcome and the other two only
reported symptomatic improvement, further
restricting the amount of data available for
investigation. All the RCTs were described as of
poor quality by the authors of the original TAR,
having inadequate randomisation, variation in
applied intervention and loss to follow-up, and
two studies also had limited study power.

There were insufficient data to analyse the
differences between RCT and case series in this
example. However, the mean patency result across
case series studies was higher than that seen in
RCTs (Table 20).

Spinal cord stimulation – comparison of RCTs and
case series results
Only one RCT was identified by the report on
SCS. This study was assessed by the authors of that
report as being of poor quality. Details of
randomisation and allocation were absent and the
study did not adequately describe baseline patient
characteristics. Comparison of RCT and case
series study results was not undertaken.

PTCA – comparison of RCTs and case series
results for mortality
For angina treated by PTCA, the mean time at
which mortality was measured was similar for case
series and RCTs but the range was skewed by a
small number of case series studies with very long
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TABLE 18 CABG – robust regression for sample characteristics and angina recurrence (unadjusted)

Robust regression 95% CI p-Value No. of studies included 
coefficient in analysis

Age –0.004 –0.01 to 0.003 0.24 30, no studies excluded

Proportion male 0.16 –0.41 to 0.72 0.58 37, no studies excluded

Proportion of patients in –0.02 –0.78 to 0.72 0.95 13, no studies excluded
NYHA grade 3 or 4

TABLE 19 CABG – robust regression for sample characteristics and adjusted angina recurrence

Robust regression 95% CI p-Value No. of studies included 
coefficient in analysis

Age <–0.0000 –0.004 to 0.004 0.99 22, excluded: Simmons,
Egstrup)

Proportion male –0.37 –0.74 to 0.01 0.056 30, excluded: Ruygrok

Proportion of patients in –0.02 –0.7 to 0.073 0.095 13
NYHA grade 3 or 4



follow-up (see Table 21 for comparison of the
range). Median follow-up was greater for RCTs
than for case series. Other study designs were
included for completeness.

Table 22 shows unadjusted mortality and Table 23
shows mortality adjusted for length of follow-up.
In both cases, the case series show a much 
greater range, a lower median but a higher 
mean mortality. None of the differences are
significant. 

PTCA – comparison of RCTs and case series
studies for angina recurrence
Table 24 shows the unadjusted rates of recurrent
angina following PTCA as reported in RCTs and
case series. 

Table 25 shows the rates adjusted for length of
follow-up. In both analyses, case series show
higher levels of recurrent angina (median and
mean) but also a larger range. However, none of
these differences were statistically significant. 
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TABLE 20 FESS – comparison of results from RCT and case series studies

Hypothesis Symptom improvement (%) Patency

Case series will show higher desirable Insufficient data for regression analysis, Insufficient data for regression analysis, 
outcome frequency than a similar no difference in means mean in case series 88% vs RCT arm 
intervention arm in an RCT 38%

TABLE 21 PTCA – details of time in years at which mortality was measured in different study designs

Study design Range Median Mean SD No. of studies reporting outcome

RCT 4.33 2.92 2.82 1.46 10
Case series 9.67 2.25 2.81 2.03 59
Case–control 0 3.33 3.33 0 2
Comparative 7.67 2 2.23 2.06 11

TABLE 22 PTCA – yearly mortality reported by different study designs (unadjusted)

Study design Range Median Mean SD No. of studies included

RCTs 0.13 0.04 0.061 0.043 9
Case series 0.23 0.0425 0.055 0.046 54

t-Test difference = 0.009 (SE 0.016), p = 0.58. Mann–Whitney test, p = 0.46. Weighted ANOVA, p = 0.59.

TABLE 23 PTCA – yearly mortality reported by different study designs adjusted for length of follow-up

Study design Range Median Mean SD No. of studies included

RCTs 0.04 0.020 0.024 0.01 9
Case series 0.24 0.017 0.027 0.04 51

t-Test difference = 0.003 (SE 0.01), p = 0.83. Mann–Whitney test, p = 0.30. Weighted ANOVA, p = 0.72.

TABLE 24 PTCA – comparison of RCT and case series results for angina recurrence (unadjusted)

Range Median Mean SD No. of studies reporting outcome

RCTs 0.33 0.25 0.26 0.11 6
Case series 0.66 0.30 0.34 0.17 50

t-Test difference = 0.08 (SE 0.07), p = 0.25. Mann–Whitney test, p = 0.33. Weighted ANOVA, p = 0.10.



CABG – comparison of RCTs and case series for
mortality
Table 26 shows the average times at which the
outcome mortality was measured for different
study designs. Both mean and median follow-up
times were longer for case series than for RCTs,
but case series also had a much larger range.
Hence, unadjusted mortality would be expected to
be higher in case series studies. Other study
designs were included for completeness.

Table 27 shows post-CABG mortality reported by
RCTs and case series unadjusted for follow-up and
Table 28 shows mortality adjusted for length of
follow-up. The case series studies show a greater
range, a higher median and a higher mean
mortality. Differences are significant in unadjusted
analyses.

CABG – comparison of RCTs and case series for
angina recurrence
Table 29 shows the unadjusted rates of recurrent
angina reported after CABG treatment in RCTs
and case series. Again, the case series show a
larger range, a higher median and a higher 
mean proportion of angina recurrence. These
differences are statistically significant [t-test
difference = 0.16 (SE 0.06), p = 0.01;
Mann–Whitney test, p = 0.01; weighted ANOVA, 
p = 0.06]. However, when these figures are
adjusted for length of follow-up, the difference is
non-significant [t-test difference = –0.12 (SE 0.17),
p = 0.5; Mann–Whitney test, p = 0.34; weighted
ANOVA, p = 0.90] (Table 30).
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TABLE 25 PTCA – comparison of RCT and case series results for adjusted angina recurrence

Range Median Mean SD No. of studies reporting outcome

RCTs 0.25 0.12 0.13 0.089 6
Case series 0.97 0.10 0.28 0.23 48

t-Test difference = 0.148 (SE 0.17), p = 0.37. Mann–Whitney test, p = 0.76. Weighted ANOVA, p = 0.9.

TABLE 26 CABG – details of time in years at which mortality was measured in different study designs

Study design Range Median Mean SD No. of studies reporting outcome

RCT 4.33 2.5 2.68 1.59 10
Case series 19.92 4 5.00 4.09 61
Case–control 2.5 3.75 3.75 1.77 2
Comparative 6.08 2.9 3.8 2.3 6

TABLE 27 CABG – crude mortality reported by different study designs (unadjusted)

Study design Range Median Mean SD No. of studies reporting outcome

RCTs 0.11 0.047 0.055 0.04 9
Case series 0.62 0.115 0.15 0.14 56

t-Test difference = –0.1046 (SE 0.048), p = 0.033. Mann–Whitney test, p = 0.0061. Weighted ANOVA, p = 0.41.

TABLE 28 CABG – yearly mortality reported by different study designs adjusted for length of follow-up

Study design Range Median Mean SD No. of studies reporting outcome

RCTs 0.12 0.02 0.03 0.04 9
Case series 0.21 0.03 0.04 0.04 56

t-Test difference = 0.009 (SE 0.01), p = 0.53. Mann–Whitney test, p = 0.36. Weighted ANOVA, p = 0.28.



CABG versus PTCA – estimate of
outcome frequency
Mortality – case series results
Using robust regression, the coefficient was
estimated as 0.008 (SE 0.003) for CABG compared
with PTCA, based on 99 observations. Nine
studies were excluded (Ruygrok, Mullany,
Acinapura, Safian, Gelbfish, MacDonald, Urban,
Weintraub and Egstrub). The 95% CI were 0.0009
to 0.014, p = 0.03. This is a significant difference,
with CABG, on average, being associated with a
0.8% higher yearly adjusted mortality. 

Weighted regression estimated the coefficient as
0.024 (95% CI 0.01 to 0.04), p = 0.001. This
suggested a higher yearly adjusted mortality
associated with CABG of 2%. 

Mortality – RCT results
For the RCTs, a random effect meta-analysis
showing the risk difference for mortality following
CBAG and PTCA was performed. No difference
between the two treatments was found (p = 0.570)
(Figure 9).

Health Technology Assessment 2005; Vol. 9: No. 2

47

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

TABLE 29 CABG – comparison of RCT and case series for angina recurrence (unadjusted)

Study design Range Median Mean SD No. of studies reporting outcome

RCTs 0.24 0.15 0.15 0.08 8
Case series 0.63 0.30 0.30 0.17 41

TABLE 30 CABG – comparison of RCT and case series for adjusted angina recurrence

Study design Range Median Mean SD No. of studies reporting outcome

RCTs 0.25 0.05 0.08 0.08 8
Case series 0.76 0.09 0.13 0.16 35

Risk difference

Favours PTCA

–0.1 0 0.1

Study  % Weight
Risk difference
(95% CI)

 Goy et al.142   2.6

–0.02 (–0.07 to 0.04)

–0.01 (–0.06 to 0.03)

 ERACI141   2.5

–0.01 (–0.03 to 0.01) CABRI140  20.6

–0.00 (–0.02 to 0.01) BARI139  35.5

–0.00 (–0.03 to 0.02) King et al.146   7.6

  0.00 (–0.04 to 0.04) Hueb et al.144   2.7

  0.00 (–0.01 to 0.02) RITA148  19.4

  0.00 (–0.07 to 0.07) Puel et al.147   2.1

  0.03 (–0.01 to 0.06) Hamm et al.143   7.0

–0.00 (–0.01 to 0.01) Overall (95% CI)

Favours CABG

FIGURE 9 Meta-analysis showing risk difference for adjusted mortality CABG versus PTCA
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Risk difference
–0.5 0 0.5

Study  % Weight
 Risk difference
 (95% CI)

 Goy et al.142   2.7

–0.23 (–0.38 to –0.07)

–0.01 (–0.09 to 0.06)

 ERACI141   2.5

  0.05 (0.01 to 0.09) CABRI140  20.9

–0.06 (–0.10 to –0.02) BARI139  36.2

–0.08 (–0.16 to –0.01) King et al.146   7.8

–0.17 (–0.26 to –0.07) Hueb et al.144   2.8

–0.10 (–0.15 to –0.05) RITA148  20.0

–0.03 (–0.12 to 0.06) Hamm et al.143   7.1

–0.05 (–0.07 to –0.03) Overall (95% CI)

Favours PTCAFavours CABG

FIGURE 10 Meta-analysis showing risk difference for recurrent angina (unadjusted) with CABG and PTCA

Odds ratio
0.01 1 5

Study  % Weight
 Odds ratio
 (95% CI)

 Goy et al.142   0.9

 0.40 (0.12 to 1.37)

 1.03 (0.14 to 7.54)

 ERACI141   4.2

 1.61 (1.11 to 2.35) CABRI140  21.5

 0.69 (0.41 to 1.15) BARI139  17.4

 0.61 (0.25 to 1.51) King et al.146   6.1

 0.11 (0.01 to 2.04) Hueb et al.144   2.2

 0.65 (0.43 to 0.98) RITA148  28.4

 0.85 (0.54 to 1.36) Hamm et al.143  19.2

 0.88 (0.72 to 1.08) Overall (95% CI)

Favours PTCAFavours CABG

FIGURE 11 Meta-analysis showing risk difference for angina (adjusted) with CABG and PTCA



Angina recurrence – case series results
Using robust regression, the coefficient was
estimated as –0.026 (SE 0.039) for CABG
compared with PTCA based on 91 observations.
No studies were excluded. The 95% CI were 
–0.10 to 0.05, p = 0.50. This is a non-significant
difference. Weighted regression estimated the
coefficient as 0.009 (95% CI –0.05 to 0.07), 
p = 0.7.

Angina recurrence – RCT results
For RCTs a meta-analysis was carried out to
examine the risk difference between CABG and
PTCA for recurrent angina. This was performed
for both adjusted (for length of follow-up) and
unadjusted rates of recurrent angina (Figures 10
and 11). For unadjusted rates of recurrent angina,
CABG appeared to have a significantly lower rate
of recurrent angina (–0.05, 95% CI –0.07 to –0.03)
However, this was not apparent in the adjusted
calculation (p = 0.217).

Summary of main findings
There were insufficient data in the case series
studied to address all the hypotheses set out at the

start of the project and the findings shown were
not consistent across the different series and are
subject to considerable uncertainty. Poor reporting
of methods severely constrained the analyses.

Main findings are listed in Table 31. We found no
relationship between sample size and outcome in
the cases studied. Whether a study was prospective
or retrospective was not shown to be associated
with outcome frequency. In one analysis (FESS),
multi-centre studies showed a significant
association with outcome. In one analysis (angina
recurrence following PTCA) we found an
association between independent measurement of
outcome and outcome frequency. In the analysis of
case series examining PTCA and CABG we found
some evidence that earlier publication may be
associated with less favourable outcomes. As
expected, length of follow-up was related to
outcome in three of the analyses, although in the
case of angina recurrence after PTCA this was not
significant and we included adjusted and
unadjusted analyses for completeness. In the
analysis of case series for spinal cord surgery the
quality score of studies was associated with
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TABLE 31 Summary of results

FESS SCS Angina PTCA Angina CABG

Symptom Patency Pain relief Mortality Angina Mortality Angina 
improvement recurrence recurrence

Sample size No effect No effect No effect No effect No effect No effect No effect

Prospective No effect No effect No effect No effect No effect No effect Discrepant

Registry Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient 
data data data data data data data

Multi-centre Higher in Higher in No effect Insufficient Insufficient No effect Insufficient 
multi-centre multi-centre data data data
series series

Consecutive No effect No effect Insufficient Insufficient Insufficient Insufficient Insufficient 
enrolment data data data data data

Independent No effect No effect Insufficient No effect Independent No effect Discrepant
measure data measured 

higher 
recurrence

Length of No effect No effect Longer Higher No effect Higher Discrepant
follow-up follow-up mortality mortality 

less pain longer longer 
relief follow-up follow-up

Publication date No effect No effect No effect No effect Early No effect Early 
publication publication 
higher higher 
recurrence recurrence

Quality score Insufficient Insufficient Better quality Insufficient Insufficient Insufficient Insufficient 
data data score lower data data data data

pain relief



outcome, with studies scoring higher on the
quality score reporting lower pain relief. The
quality score used by the original researchers
included the items whose impact on outcome was
investigated separately, without evidence of an
effect.

In the comparison between case series and RCTs,
only data from the CABG and PTCA series were
used. For PTCA, there were no significant
differences between the mean mortality or
recurrence of angina reported across case studies
and that reported in the treatment arms of the
RCTs. However, the range reported for all
outcomes was greater in the case series than RCTs.
For CABG, case series showed higher mortality
than RCTs. However, this was related to length of

follow-up, and when adjusted for this factor the
differences shown were no longer statistically
significant.

We compared CABG and PTCA using case series
and carried out meta-analysis of RCTs to
investigate differences in the potential conclusions
of such a comparison using different study
designs. Using case series, CABG was associated
with a 1–2% increase in mortality compared with
PTCA. The meta-analysis showed no difference
between interventions. Both case series and meta-
analysis demonstrated no difference between
interventions for angina recurrence when length
of follow-up was taken into account in the RCTs.
Great caution should be exercised when making
indirect comparisons as we have here.
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Main results
It has been argued that case series cannot be used
to assess effectiveness as, in the absence of a
control group, it is impossible to conclude that any
observed outcome is caused by the treatment
given. By using evidence from case series in
decision-making, there is the risk that study results
will be misleading. Such misinformation may lead
to treatments which are not beneficial and possibly
harmful being adopted. Examples exist in the
literature, such as observational studies of
hormone replacement therapy (HRT), which
suggested a potential benefit,62 whereas later RCTs
(the HERS trial63) revealed no net benefit. As the
women who take HRT are more likely to be from
wealthier backgrounds, this was a major
confounding factor in the observational data.

However, we identified 14 cases among NICE
assessments where data taken from case series had
been considered. Other non-randomised study
designs (such as case–control and cohort studies)
were also included in half of these reports. The
most common reason (n = 5) for including case
series was the absence of RCT data. Ten different
methods of quality assessment were used. From
this, we conclude that, despite their critical
methodological weaknesses, case series will
continue to play a significant role in health
technology assessments, particularly in systems
such as the NICE appraisal process, which
predominantly consider new technologies. The
plethora of approaches to quality assessment of
case series reflects uncertainty about the
importance of different methodological features of
case series and supports our subsequent attempts
to investigate the relationship between
methodology and outcome in a small number of
case studies. Our literature review did not identify
any previous attempts to address this issue.

The data in our case series were limited and it was
not possible to address several of the hypotheses
set out at the beginning of the study. Insufficient
data were available to compare case series with
population registries in all the analyses. No
analysis addressed all the hypotheses.
Confounding is almost certain to be present, in
addition to ecological bias.

Overall, we found limited evidence of association
between methodological features and outcome in
the analyses carried out. However, a consistent
finding across all the case studies was of no
relationship between sample size and outcome
frequency. Although the number of examples
studied was very small, this finding, if replicated,
may have important implications for health
technology assessments. Hitherto, sample size has
been used as a criterion for the inclusion or
exclusion of case series from reviews. The lack of
relationship between study size and outcome
suggests that this approach may not be justified.
Where case series are included in reviews it is
likely that they will be more numerous than RCTs
or other designs (as in the cases we report on
here). If reviews are being carried out to a limited
timescale, as in the NICE appraisal process, there
is therefore a strong incentive for researchers to
limit the number of case series included in the
review, supported perhaps by the view that this
design is necessarily less likely to result in robust
conclusions. Our findings tentatively suggest that
setting a cut-off in terms of sample size may be
less justified than including all studies or taking a
random sample of those available. 

We found no evidence that prospective series, or
those in which consecutive cases were enrolled,
were associated with different outcome frequency
to studies not having these features. Again, these
criteria are frequently used to judge the quality of
case series. These analyses were particularly
constrained by inadequate reporting in the
original studies. However, all the examples
explored were surgical interventions and it may be
that where retrospective designs were used case
ascertainment was good, reflecting the ease of
identifying patients following surgical procedures
from hospital records. Where ascertainment is
more difficult retrospectively, for example for drug
technologies, a greater difference may be shown
between retrospective and prospective studies or
those in which recruitment was or was not
consecutive. A further consideration in this and all
the analyses showing no association between
methodological features and outcome is the
limited power to detect a significant difference
afforded by the small number and heterogeneity
of studies included in the examples studied. 
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In the case of SCS, a significant association
between the quality score used by reviewers and
outcome was demonstrated. This was the only
example in which such a score had been used and
may suggest that the use of quality scoring 
systems can differentiate between studies.
However, we found no relationship between the
individual study factors which made up the score
and outcome in the case series. It is therefore
difficult to conclude whether the score is acting as
a valid measure of study quality. Since the
relationship between methodological features and
validity is not clear and how item scores should be
summed into a single measure of study quality
remains uncertain, it may be unwise to use such
single scoring systems to judge the quality of 
case series.

Our other findings were inconsistent across the
case studies and the small number of associations
demonstrated cannot be taken as good evidence
on which to base any change in approach to the
appraisal of case series. The finding, in one
analysis, that independent measurement of
outcome may be important in determining study
quality is consistent with the findings of Juni and
colleagues regarding blinding in relation to the
quality of RCTs.64 This is potentially important,
but further evidence is required of the importance
of this factor in other case series. 

The failure to demonstrate any relationship
between date of publication and outcome may, as
with the other negative findings in this study, be
related to limited statistical power. Three other
explanations are possible. First, the impact of early
adopters and any effects of selection of cases in
early studies may be short-lived and therefore not
apparent when a longer historical perspective is
taken. Second, the effect of the learning curve in
the early stages of use of a technology may
counteract the effects of case selection. Third,
technological improvements may have a very
marked effect on successful outcomes.

The comparison between case series and RCTs for
PTCA and CABG showed that the case series
reported a greater range in outcome frequency
than RCTs and higher mortality, although the
difference between study designs was not
statistically significant. This supports the view that
case series include more heterogeneous
populations that may be a better representation of
routine practice than is achieved in RCTs designed
to evaluate efficacy. The higher reported rates of
adverse outcome in case series probably reflects a
broader case mix in these studies than RCTs and

does not support the view that case series are
likely to provide more optimistic estimates of
treatment effectiveness. The direction of bias
introduced by the greater variance in results from
case series is unlikely to be consistent, as has been
shown in comparisons of randomised and non-
randomised trials,22 although this was not studied
in the current project.

The potential difficulties in comparing treatments
through the use of case series is demonstrated by
the comparison of relative effectiveness of PTCA
and CABG using case series and RCTs. Mortality
was judged to be higher for CABG than PTCA in
the case series analysis whereas no difference was
shown in the meta-analysis of RCTs.
Interpretations of this finding may be conflicting.
On the one hand, the estimate of effectiveness
from the RCT is less likely to be biased and so a
conclusion based only on the results of the case
series analysis would be unwise. However, if the
case series include a more typical population then
the finding of higher mortality may reflect the
‘real world’ case more accurately. 

We suggest that there are complementary
positions for different methodological approaches
in the ongoing evaluation of health technologies.
Although researchers should always consider
carrying out RCTs to establish efficacy and
effectiveness, this is clearly not currently the case
for the technologies examined in this project
where only a tiny proportion of the total study
populations were included in RCTs. In some cases,
where the natural history of the condition is well
understood and a dramatic effect is shown by a
technology, comparative studies may not be
considered necessary or ethical. We expect that
such cases will be very few. It is more likely that
case series will continue to be carried out in the
early stages of technology diffusion, particularly in
surgery where there is a less stringent regulatory
framework governing adoption. Such case series
will be important in identifying whether
technologies are likely to be efficacious. Early
assessment of case series may therefore identify
technologies which should be subject to more
rigorous evaluation. Efficacy may then be
established through well-conducted RCTs. This,
however, may be insufficient to inform practice
and policy and for some technologies it may be
necessary to continue to collect data through case
series or, more systematically, through the use of
comprehensive registries. These hold a number of
potential advantages over case series led, more
conventionally, by the clinicians delivering the
intervention. Standardisation of data collection
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and reporting is more feasible, investigation of the
effects of centre and operator are more feasible
and the establishment of an ongoing system for
reporting of process and outcomes would
demonstrate changes in the nature of the
technology, which is a particular issue in the
development of surgical techniques. A key
advantage of ongoing collection of data through
large case series is the identification of uncommon
side-effects in practice and a high degree of
external validity. Using registry or case series data
to make a comparison between technologies will
continue to be necessarily and severely
constrained by the non-direct nature of such
comparisons and the effect of a large range of
known and unknown confounders. However, the
collection of data on the performance of
technologies in undifferentiated populations over
long periods will complement and may extend the
knowledge yielded in the generally short
timescales and selected populations of RCTs. 

Assumptions, limitations and
uncertainty
Despite the inclusion of handsearching of key
journals, the literature review for methodological
studies found no examples of published relevant
work and it is possible that our search failed to
identify relevant studies. In particular, we
concentrated on identifying studies which focused
on methodological issues. We may therefore have
missed relevant methodological considerations
included in papers whose focus was clinical rather
than methodological. However, we think it is
unlikely that a large volume of literature on this
subject exists because of the generally low level of
interest in case series designs by methodologists,
confirmed by the negative results of the searches
carried out.

In the investigation of possible impact of
methodological aspects of case series, our
examples were all surgical interventions. This
means that our findings may not be generalisable
to evaluations of other types of technology using
case series. As noted above, the effects of learning
curve and the possibility of bias arising from
enthusiastic early adopters may act in opposite
directions, making it difficult to discern any effect
relating to timing of publication. A more
important problem arising from the nature of the
technologies examined is the introduction of
further variance in the data as a result of operator
effects which would not be apparent in, for
example, drug technologies. 

The small number of cases examined and the
relatively limited number of studies in each set of
case series are important limitations to precision
and generalisability which may be addressed by
further research. However, it is likely that
empirical opportunities for investigation will be
few, as has been shown in the comparisons of
randomised and non-randomised controlled trials.
Under these circumstances modelling studies may
be valuable. Our analysis was necessarily limited to
the aggregate reports of individual studies and
there is therefore the potential for ecological bias.

A general problem in the data examined is the
very low ‘signal-to-noise’ ratio. In other words, it is
difficult to identify the effects of methodological
factors from the potential confounding effects of
heterogeneity between studies in aspects of the
populations and interventions. This is a particular
problem where reporting of population and
intervention characteristics was limited. The
impact of unknown confounders, the fundamental
reason for favouring RCTs over other study
designs, is also an important consideration.

The potential role of publication bias should be
considered. As stated earlier, case series may be
particularly prone to publication bias, although
this was not formally explored in the current
review. Case series are recognised as much less
robust than comparative or experimental designs
and they may therefore be less likely to achieve
publication in any journal or in journals indexed
on major electronic databases. Small case series
are likely to be more prone to this bias, as in other
study designs, and those with less impressive
findings and small size are likely to be at greatest
risk. However, two findings in this study suggest
that publication bias may not be a particular
problem in the examples studies. First, the finding
of no association between sample size and
outcome suggests that smaller studies are not
more likely to be positive. Second, the very large
range in sample sizes among studies suggests that
even small studies are achieving publication. The
extent to which these findings are likely to be
replicated in other reviews of case series is
unknown and further research into the extent and
impact of publication bias in different study
designs is required.

The general finding of poor reporting of
methodological features in case series is a cause
for concern and will continue to hamper research
into case series and the ability of decision-makers
to consider the appropriate influence of case series
evidence on policy. We chose to constrain our
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analyses to reported data, that is, where a
methodological feature was not reported in a
study this was excluded from the analysis. The
reporting of other study designs, notably RCTs
and systematic reviews, has been improved
considerably in recent years. Although case series
rightly occupy a position low in the hierarchy of
evidence, their continued use in health technology
assessments strongly suggests the need to improve
the quality of reporting, such as whether a study
was prospective or whether cases were enrolled
consecutively.

Some statistical considerations should be borne in
mind when interpreting the results of our
analyses. Weighting for study size in regression is
generally favoured in meta-analysis, and gives
greater weight to larger studies in order to
improve precision. Although sample size is not the
only determinant of variance in studies, in the
current context it is likely to dominate other
factors. As we did not have data on the variance of
individual studies, we were constrained to using
sample size alone. We found no relationship with
study size which does not support concern over
increased bias in smaller observational studies.
Hence we included weighted regression for
completeness. Our main statistical approach was
robust regression. This is a slightly more
conservative technique than OLS regression but
performs better than OLS with non-ideal data.
This technique resists the influence of extreme
outliers, but results in slightly larger standard
errors. Hence the power of robust regression to
detect true differences is slightly reduced
compared with OLS regression. Given the nature
of our data we consider this to be a reasonable
analytic approach. The use of several methods of

analysis has led, in some cases, to apparently
discrepant results. Given the large number of
analyses performed, the usual level of significance
of p = 0.05 should be viewed with caution. This
further demonstrates the tentative nature of our
findings and that more work is required to
investigate the potential impact of methodological
features of case series on their results. 

Need for further research
The current study is exploratory and largely
inconclusive. Further research examining the
relationship between methodological features of
case series and their outcome is justified. The case
study approach that we have taken could be
replicated in a wider sample of technologies,
seeking larger sets of case series.

A wider study of the use of case series in
technology appraisal systems would be of value in
demonstrating the impact of this study design on
decision making in contexts outside the NICE
appraisal process. 

Further research is needed into the extent and
impact of publication bias on reviews including
different study designs.

Value of information analyses including case series
data is a methodological area that could be further
explored.

Further exploration of the differences between
case series results and RCT results would be
valuable, preferably by using registry or
comprehensive case series data.
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Case series are incorporated in a significant
proportion of health technology assessments.

A wide range of quality criteria have been used to
appraise the quality of case series and decide on
their inclusion in reviews of studies using this
design. In a small series of case studies drawn
from health technology assessments carried out
for the NHS HTA programme, we found little
evidence to support the use of many of the factors
included in quality assessment tools. Importantly,
we found no relationship between study size and
outcome across the four examples studied. 

Isolated examples of a potentially important
relationship between other methodological factors
and outcome were shown, for example blinding of
outcome measurement, but these were not shown
consistently across the small number of examples
studied.

Comparison of case series and RCT data was
possible in only two examples studied but
demonstrated a greater range in outcomes
reported in case series, reflecting the likelihood
that this design includes different populations.
However, outcomes were not better in case series,
contrary to expectations.

Estimates of comparative efficacy of alternative
techniques by comparing case series studies were
shown to be different from analyses based on
RCTs. However, it is not clear from this whether
this is an effect of confounding or indicates
different efficacy in different populations.
This study is based on a very small sample of
studies and should therefore be considered as
exploratory. Further investigation of the
relationship between methodological features and
outcome are justified given the frequency of use of
case series in health technology assessments.
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Appendix 1

Data extraction forms for audit of NICE HTAs

Author, completion date Hyde, Sept. 200140

Title of review Fludarabine as second line therapy for B-cell chronic lymphocytic
leukaemia

Reference Health Technol Assess 2002;6(2)

Review group University of Birmingham

Type of review Therapy

Number of included RCTs 2

Number and type of other included evidence 0

Number of included case series 7

Reason for including case series Absence of RCTs

Criteria for case series inclusion/exclusions Included studies with >50 patients

Reason for inclusion criteria To limit work required

Methods used to assess case series quality Cochrane framework
� conducted prospectively
� consecutive series
� describe patient characteristics
� loss to follow-up <10%
� adequate follow-up
� analysis of prognostic factors
� relevance

Methods used to synthesise case series results Descriptive/tabulation

Conclusions drawn from case series evidence Confirm that cautious interpretation of RCT results is appropriate. 
No conclusions drawn from case series

Author, completion date Forbes, July 200141

Title of review A rapid and systematic review of the clinical effectiveness and cost
effectiveness of pegylated liposomal doxurubicin hydrochloride for
ovarian cancer

Reference Health Technol Assess 2002;6(23)

Review group University of York

Type of review Therapy

Number of included RCTs 2

Number and type of other included evidence 0

Number of included case series 6

Reason for including case series Requested by NICE

Criteria for case series inclusion/exclusions None stated

Reason for inclusion criteria Not applicable

continued
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Methods used to assess case series quality Crombie, 1996,54 Pocket guide to appraisal
� participants described
� clear aims
� control group used
� should there have been a control group?
� was the best study design used?
� sufficient follow-up
� adequate sample size
� valid outcome measures
� compliance with treatment
� relevant outcomes missed
� adequate description of statistical methods
� untoward events that may affect findings
� appropriate use of survival analysis
� all patients accounted for
� basic data adequately described
� statistical significance reported
� confounders assessed
� null findings appropriately interpreted
� important effects overlooked

Methods used to synthesise case series results Descriptive/tabulation

Conclusions drawn from case series evidence No conclusions drawn from case series

Author, completion date Vale, June 200242

Title of review Systematic review of the effectiveness and cost-effectiveness of metal-
on-metal hip resurfacing arthroplasty for treatment of hip disease

Reference Health Technol Assess 2002;6(15)

Review group University of Aberdeen

Type of review Therapy

Number of included RCTs 1 (comparator)

Number and type of other included evidence Systematic review = 3 (comparator)

Number of included case series 20 (5 intervention, 15 comparator)

Reason for including case series Lack of data from RCTs

Criteria for case series inclusion/exclusions Studies included if they had a minimum follow-up of 2 years 

Reason for inclusion criteria Not stated

Methods used to assess case series quality Morris and colleagues checklist (orthopaedic)55

� clarity of question/definition of outcome
� description of prosthesis and fixation
� description of study sample
� control of bias in study design
� duration of follow-up
� statistical and analytical
(score out of 6)

Methods used to synthesise case series results Descriptive. Pooled for use in economic model sensitivity analysis

Conclusions drawn from case series evidence No conclusions drawn from case series. Pooled estimates used in
economic model sensitivity analysis
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Author, completion date Bryant, Oct. 200153

Title of review Clinical effectiveness and cost-effectiveness of growth hormone in
children

Reference Health Technol Assess 2002;6(18)

Review group University of Southampton

Type of review Therapy

Number of included RCTs 21

Number and type of other included evidence Undetermined

Number of included case series 11

Reason for including case series Lack of data from RCTs on main outcome measure ‘height’

Criteria for case series inclusion/exclusions Studies included if they had >300 patients

Reason for inclusion criteria In order to maximise generalisability

Methods used to assess case series quality Modified Spitzer criteria
� random 
� proper sampling
� adequate sample size
� objective outcome measurement
� blind outcome measurement
� eligibility criteria
� attrition rates
� comparable groups
� generalisability

Methods used to synthesise case series results Narrative review and tabulation

Conclusions drawn from case series evidence Undetermined

Author, completion date Peters, April 200243

Title of review The clinical effectiveness and cost-effectiveness of inhaler devices used in
routine management of chronic asthma in older children

Reference Health Technol Assess 2002;6(5)

Review group University of Sheffield

Type of review Therapy

Number of included RCTs 10

Number and type of other included evidence 4

Number of included case series 16

Reason for including case series Patient preferences data

Criteria for case series inclusion/exclusions None stated

Reason for inclusion criteria Not applicable

Methods used to assess case series quality User’s Guide to EBM: how to use an article about harm
� clearly identified and comparable groups
� outcomes measured in same way for groups
� sufficient follow-up
� temporal relationship/dose – response gradient
� strength of association and precision
� generalisability

Methods used to synthesise case series results Descriptive

Conclusions drawn from case series evidence Provided information on instructions given, ease of use, patient
compliance, adherence and preference. Recommended qualitative
research to confirm
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Author, completion date Vardulaki, Dec. 200044

Title of review A systematic review of the effectiveness and cost-effectiveness of
laparoscopic surgery for colorectal cancer

Reference Report to NICE. 
URL: http://www,nice.org.uk/pdf/htareportonlapsurgcoloreccanc.pdf

Review group External (Royal College of Surgeons)

Type of review Therapy

Number of included RCTs 2

Number and type of other included evidence Prospective cohort = 7
Retrospective cohort = 5
Historically controlled cohort = 2

Number of included case series 37

Reason for including case series Long-term follow-up

Criteria for case series inclusion/exclusions Studies with >10 patients were included

Reason for inclusion criteria Studies with <10 patients likely to contain selected and hence
unrepresentative patients

Methods used to assess case series quality Vardulaki instrument, 2000
� aims of study clear
� is case definition clear
� data collected prospectively
� patients consecutive
� use of CIs or SE
� outcomes stratified by disease stage
� clear definition of outcomes
(score out of 7)

Methods used to synthesise case series results Medians, descriptive, pooled estimates and weighted regression to
explore variation

Conclusions drawn from case series evidence Make broad suggestions, but do not draw conclusions from case series

Author, completion date Wake, March 200245

Title of review Rituximab as third-line treatment for refractory or recurrent stage III or
IV follicular non-Hodgkin’s lymphoma

Reference Health Technol Assess 2002;6(3)

Review group University of Birmingham

Type of review Therapy

Number of included RCTs 0

Number and type of other included evidence 0

Number of included case series 4

Reason for including case series Lack of RCTs or comparative evidence

Criteria for case series inclusion/exclusions Included studies with >10 patients

Reason for inclusion criteria Not stated

Methods used to assess case series quality Young et al.56

� conducted prospectively
� consecutive patients
� clear patient characteristics
� loss to follow up <10%

Methods used to synthesise case series results Qualitative

Conclusions drawn from case series evidence No conclusions drawn from case series
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Author, completion date Ward, May 200146

Title of review A rapid and systematic review of the clinical effectiveness and cost-
effectiveness of gemcitabine for the treatment of pancreatic cancer

Reference Health Technol Assess 2001;5(24)

Review group University of Sheffield

Type of review Therapy

Number of included RCTs 7

Number and type of other included evidence Other design? = 7

Number of included case series 57 (phase II studies)

Reason for including case series Not stated

Criteria for case series inclusion/exclusions None

Reason for inclusion criteria Not applicable

Methods used to assess case series quality Applied hierarchy of evidence

Methods used to synthesis case series results Results tabulated

Conclusions drawn from case series evidence No conclusions drawn from case series

Author, completion date Dinnes, April 200147

Title of review The effectiveness and cost-effectiveness of temozolomide for the
treatment of recurrent malignant glioma

Reference Health Technol Assess 2001;5(13)

Review group University of Southampton

Type of review Therapy

Number of included RCTs 1

Number and type of other included evidence 0

Number of included case series 6

Reason for including case series Anticipated lack of data

Criteria for case series inclusion/exclusions Included studies with a minimum of 45 patients

Reason for inclusion criteria Enabled the pool of larger studies to be included. Other studies had
considerably less patients

Methods used to assess case series quality Modified Spitzer checklist
� proper random assignment
� proper sampling
� adequate sample size
� objective outcomes
� blind assessment
� objective eligibility criteria
� reported attrition
� comparability of groups
� generalisability

Methods used to synthesise case series results Narrative synthesis/description

Conclusions drawn from case series evidence Present speculation but do not draw conclusions based on case series
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Author, completion date Lewis, March 200248

Title of review The clinical effectiveness and cost-effectiveness of trastuzumab for breast
cancer

Reference Health Technol Assess 2002;6(3)

Review group University of York

Type of review Therapy

Number of included RCTs 2

Number and type of other included evidence 0

Number of included case series 2

Reason for including case series Requested by NICE

Criteria for case series inclusion/exclusions None stated

Reason for inclusion criteria Not applicable

Methods used to assess case series quality CRD Report No. 4
� representative sample
� explicit inclusion criteria
� individuals entered survey at similar time point
� long enough follow-up
� use of objective criteria and blinding to assess outcomes
� description of subseries and distribution of prognostic factors

Methods used to synthesise case series results Structured tables and narrative summary

Conclusions drawn from case series evidence Conclusion made while highlighting limitations of case series evidence

Author, completion date Fitzpatrick, June 199749

Title of review Primary total hip replacement surgery: a systematic review of outcomes
and modelling of cost-effectiveness associated with different prostheses

Reference Health Technol Assess 1998;2:(20)

Review group Universities of Oxford and York

Type of review Therapy

Number of included RCTs 11

Number and type of other included evidence Non-randomised comparative studies = 18

Number of included case series 159

Reason for including case series Longer follow-up data

Criteria for case series inclusion/exclusions Studies included with >5 years follow-up

Reason for inclusion criteria Review of survival analyses confirmed that cut-off was conservative and
would omit only small numbers of adverse outcomes

Methods used to assess case series quality Quality assessed for 15 studies only
� clarity of study question and outcomes
� description of prosthesis and method of fixation
� description of study sample
� control bias in study design
� duration and completeness of follow-up
� statistical and analytical considerations
(added to give an overall score)

Methods used to synthesise case series results Included in a meta-analysis

Conclusions drawn from case series evidence Conclusions drawn with caution
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Author, completion date Jobanputra, Dec. 200050

Title of review Effectiveness of autologous chondrocyte transplantation for hyaline
cartilage defects in knees

Reference Health Technol Assess 2001;5:(11)

Review group University of Birmingham

Type of review Therapy

Number of included RCTs 0

Number and type of other included evidence 0

Number of included case series 20

Reason for including case series Only available evidence

Criteria for case series inclusion/exclusions None

Reason for inclusion criteria Not applicable

Methods used to assess case series quality Categorisation as follows:
A. patient input to outcomes before and after surgery, adverse effects
B. patient input into outcomes before and after surgery
C. patient input to outcomes after surgery
D. input from clinician or radiographic evaluation only

Methods used to synthesise case series results Narrative summary

Conclusions drawn from case series evidence No conclusions drawn

Author, completion date Bagnall, March 200251

Title of review A rapid and systematic review of atypical antipsychotics in schizophrenia

Reference Health Technol Assess 2003;7(13)

Review group University of York

Type of review Therapy

Number of included RCTs 70 (new RCTs, not including previous review that this updates)

Number and type of other included evidence Cohort = 13
Case–control = 1

Number of included case series 27

Reason for including case series Safety

Criteria for case series inclusion/exclusions Included studies with at least 2 years follow-up or >2000 patients

Reason for inclusion criteria Not stated

Methods used to assess case series quality CRD Report No. 4 checklist

Methods used to synthesise case series results Narrative

Conclusions drawn from case series evidence Conclusions not based on case series
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Author, completion date Woolacott, March 200252

Title of review The clinical effectiveness and cost-effectiveness of bupropion SR and
nicotine replacement therapy (NRT) for smoking cessation

Reference Health Technol Assess 2002;6(16)

Review group Universities of York and Birmingham

Type of review Therapy

Number of included RCTs 18

Number and type of other included evidence Systematic review = 2
Non-RCTs = 3
Uncontrolled = 19
Case–control = 1
Surveillance studies = 5

Number of included case series 17 (case series or case reports)

Reason for including case series Safety

Criteria for case series inclusion/exclusions None

Reason for inclusion criteria Not applicable

Methods used to assess case series quality CRD checklist for cohort studies

Methods used to synthesise case series results Narrative

Conclusions drawn from case series evidence Unable to determine
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Appendix 2

Search strategies

Case series search strategies

Database and years Search strategy No. retrieved
searched

Cochrane Methodology Saved strategy: 1. Case series – studies 83
Register 2003, Issue 1 #1 ((single next arm) or (single next group) or non-comparative) 112

#2 (phase next ii)
#3 (observational or retrospective or (case next series))
#4 (#1 or #2 or #3)
#5 ((evidence next base) or (intermethod next comparison) or (outcomes 
next research) or (research next design) or methodolog* or (critical next 
appraisal) or (epidemiologic next research next design))
#6 ((sample next size) or (effect next size))
#7 BIAS (EPIDEMIOLOGY) explode all trees (MeSH)
#8 (research next design)
#9 RESEARCH DESIGN explode all trees (MeSH)
#10 (research:ti next design:ti)
#11 #5 or #6 or #7 or #9 or #10
#12 #4 and #11
#13 #5 or #6 or #7 or #8 or #9
#14 #4 and #13

MEDLINE ((single arm) or (single group) or (non-comparative) or (phase ii) or 768
1966–2003/Feb. week 4 (phase 2) or (observational) or (case series)) and ((systematic* near (review* or 
(4 March 2003) overview*)) or (meta-analy* or metaanaly*) or (meta-analysis in pt)) not 

((comment in pt) or (letter in pt) or (editorial in pt))

HTA database single arm or single group or non-comparative or phase ii or phase 2 or 19
(12 February 2003) observational or retrospective or case series/All fields AND evidence base or 

intermethod comparison or outcomes research or research design or 
methodolog* or critical appraisal or sample size or effect size or bias/All fields

Regard ESRC research single arm or single group or non-comparative or phase ii or phase 2 or 2
register (13 February observational or retrospective or case series AND evidence base or 
2003) intermethod comparison or outcomes research or research design or 

methodolog* or critical appraisal or sample size or effect size or bias

single arm or single group or non-comparative or phase ii or phase 2 or 207
observational or retrospective or case series or evidence base or intermethod 
comparison or outcomes research or research design or methodolog* or 
critical appraisal or sample size or effect size or bias

NRR (National Research (single arm or single group or non-comparative or observational or 46
Register) 2002, Issue 4 retrospective or case series or evidence base or intermethod comparison or 
13 February 2003 – outcomes research or research design or methodolog* or critical appraisal or 
checked 2003, Issue 1 on sample size or effect size or bias) in pk
Internet – no extra 
references

24 February 2003 (“single arm” or “single group” or “non comparative” or observational or 9019
retrospective or phase) and (“evidence base” or “intermethod comparison” or 
“outcomes research” or “research design” or methodolog* or 
“critical appraisal” or sample or effect or bias)

continued
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Database and years Search strategy No. retrieved
searched

Handsearching – Issues checked: 3
Int J Technol Assess 18(1) 17(1)ol 16(1)ol 15(1) 14(1) 13(1) 12(1) 10(1)
Health Care 18(2) 17(2) 16(2) 15(2) 14(2) 13(2) 12(2) 10(2)

18(3) 17(3) 16(3) 15(3) 14(3) 13(3) 12(3) 10(3)
18(4)ol 17(4) 16(4) 15(4) 14(4) 13(4) 12(4) 10(4)

9(2) 19(1)

ol, on-line.

Search strategy – for case series – angina repeat search

Database and years Search strategy No. retrieved
searched

MEDLINE (Webspirs) #1 ‘Cost-Benefit-Analysis’ / all subheadings in MIME,MJME (3443 records) 5339
1980–2003 February, #2 ‘Cost-Savings’ / all subheadings in MIME,MJME (517 records)
week 1 #3 ‘Cost-of-Illness’ / all subheadings in MIME,MJME (1202 records)

#4 ‘Economics-’ / all subheadings in MIME,MJME (223 records)
#5 cost benefit in ti,ab (485 records)
#6 (cost effective* or cost utility) in ti,ab (4757 records)
#7 cost in ti,ab (13,739 records)
#8 (cost saving or cost minimization or cost minimisation) in ti,ab (327 records)
#9 ‘Economics-Pharmaceutical’ / all subheadings in MIME,MJME (211 records)
#10 qaly in ti,ab (162 records)
#11 quality adjusted life year* in ti,ab (284 records)
#12 economic in ti,ab (6087 records)
#13 (analysis or evaluation) in ti,ab (175,200 records)
#14 #12 and #13 (1936 records)
#15 benefit or (effective* in ti,ab) (80,812 records)
#16 #7 and #15 (7199 records)
#17 #4 and #16 (4 records)
#18 (efficacy or response or sensitivity) in ti,ab (131,884 records)
#19 #7 and #18 (2680 records)
#20 (specificity or outcome) in ti,ab (57,075 records)
#21 #7 and #20 (1746 records)
#22 angina in ti,ab (2406 records)
#23 ‘Angina-Pectoris’ / all subheadings in MIME,MJME (822 records)
#24 (angina in ti,ab) or (‘Angina-Pectoris’ / all subheadings in MIME,MJME) 
(2684 records)
#25 ‘Nitrates-’ / all subheadings in MIME,MJME (1330 records)
#26 nitrate* in ti,ab (3001 records)
#27 beta with blocker* (2033 records)
#28 ‘Adrenergic-beta-Agonists’ / all subheadings in MIME,MJME (1113 records)
#29 calcium channel blocker* in ti,ab (788 records)
#30 ‘Calcium-Channel-Blockers’ / all subheadings in MIME,MJME (2143 records)
#31 coronary artery bypass in ti,ab (2340 records)
#32 cabg in ti,ab (1037 records)
#33 percutaneous transluminal coronary angioplasty in ti,ab (554 records)
#34 ptca in ti,ab (622 records)
#35 angioplasty in ti,ab (2826 records)
#36 atherectomy in ti,ab (161 records)
#37 stents in ti,ab (1463 records)
#38 ‘Myocardial-Revascularization’ / all subheadings in MIME,MJME (606 records)
#39 ‘Angioplasty-’ / all subheadings in MIME,MJME (336 records)
#40 ‘Balloon-Dilatation’ / all subheadings in MIME,MJME (753 records)
#41 ‘Angioplasty-Balloon’ / all subheadings in MIME,MJME (700 records)
#42 ‘Angioplasty-Laser’ / all subheadings in MIME,MJME (29 records)
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Database and years Search strategy No. retrieved
searched

#43 ‘Stents-’ / all subheadings in MIME,MJME (3337 records)
#44 (‘Nitrates-’ / all subheadings in MIME,MJME) or (nitrate* in ti,ab) or (beta 
with blocker*) or (‘Adrenergic-beta-Agonists’ / all subheadings in MIME,MJME) 
or (calcium channel blocker* in ti,ab) or (‘Calcium-Channel-Blockers’ / all 
subheadings in MIME,MJME) or (coronary artery bypass in ti,ab) or (cabg in 
ti,ab) or (percutaneous transluminal coronary angioplasty in ti,ab) or (ptca in 
ti,ab) or (angioplasty in ti,ab) or (atherectomy in ti,ab) or (stents in ti,ab) or 
(‘Myocardial-Revascularization’ / all subheadings in MIME,MJME) or 
(‘Angioplasty-’ / all subheadings in MIME,MJME) or (‘Balloon-Dilatation’ / all 
subheadings in MIME,MJME) or (‘Angioplasty-Balloon’ / all subheadings in 
MIME,MJME) or (‘Angioplasty-Laser’ / all subheadings in MIME,MJME) or 
(‘Stents-’ / all subheadings in MIME,MJME) (17,822 records)
#45 ‘Evaluation-Studies’ / all subheadings in MIME,MJME (1208 records)
#46 randomized controlled trial in pt (0 records)
#47 ‘Randomized-Controlled-Trials’ / all subheadings in MIME,MJME 
(6466 records)
#48 ‘Random-Allocation’ / all subheadings in MIME,MJME (3188 records)
#49 ‘Double-Blind-Method’ / all subheadings in MIME,MJME (6785 records)
#50 ‘Single-Blind-Method’ / all subheadings in MIME,MJME (1090 records)
#51 clinical trial in pt (0 records)
#52 ‘Clinical-Trials’ / all subheadings in MIME,MJME (7146 records)
#53 clinical near5 trial (4557 records)
#54 (singl* or doubl* or trebl* or tripl*) near5 (blind* or mask*) 
(10,589 records)
#55 ‘Placebos-’ / all subheadings in MIME,MJME (1138 records)
#56 placebo* or (random* in ti,ab) (48,147 records)
#57 ‘Research-Design’ / all subheadings in MIME,MJME (3591 records)
#58 ‘Follow-Up-Studies’ / all subheadings in MIME,MJME (22,895 records)
#59 ‘Prospective-Studies’ / all subheadings in MIME,MJME (20,745 records)
#60 control* or prospectiv* or (volunteer* in ti,ab) (229,710 records)
#61 regist* in ti,ab (10,083 records)
#62 ‘Registries-’ / all subheadings in MIME,MJME (2505 records)
#63 (‘Evaluation-Studies’ / all subheadings in MIME,MJME) or (randomized 
controlled trial in pt) or (‘Randomized-Controlled-Trials’ / all subheadings in 
MIME,MJME) or (‘Random-Allocation’ / all subheadings in MIME,MJME) or 
(‘Double-Blind-Method’ / all subheadings in MIME,MJME) or 
(‘Single-Blind-Method’ / all subheadings in MIME,MJME) or (clinical trial in pt) or 
(‘Clinical-Trials’ / all subheadings in MIME,MJME) or (clinical near5 trial) or 
((singl* or doubl* or trebl* or tripl*) near5 (blind* or mask*)) or (‘Placebos-’ / all 
subheadings in MIME,MJME) or (placebo* or (random* in ti,ab)) or 
(‘Research-Design’ / all subheadings in MIME,MJME) or (‘Follow-Up-Studies’ / all 
subheadings in MIME,MJME) or (‘Prospective-Studies’ / all subheadings in 
MIME,MJME) or (control* or prospectiv* or (volunteer* in ti,ab)) or (regist* in 
ti,ab) or (‘Registries-’ / all subheadings in MIME,MJME) (279,738 records)
#64 #19 or #21 (3777 records)
#65 #45 and #64 (7 records)
#66 #4 and #64 (3 records)
#67 #7 and #24 (84 records)
#68 #1 or #2 or #3 or #4 or #5 or #6 or #67 (8497 records)
#69 #8 or #9 or #10 or #11 or #14 (2556 records)
#70 #16 and #45 (26 records)
#71 #17 or #70 (30 records)
#72 #68 or #69 or #71 (10,038 records)
#73 #65 or #66 or #72 (10,040 records)
#74 #63 or #73 (285,329 records)
#75 #24 and #74 (1416 records)
#76 (benefit or effective*) in ti,ab (78,945 records)
#77 #7 and #76 (6838 records)
#78 #4 and #77 (4 records)
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Database and years Search strategy No. retrieved
searched

#79 #45 and #77 (23 records)
#80 #19 or #21 (3777 records)
#81 #45 and #80 (7 records)
#82 #4 and #80 (3 records)
#83 #68 or #69 or #71 or #81 or #82 (10,040 records)
#84 #63 or #83 (285,329 records)
#85 #24 and #44 (995 records)
#86 #84 and #85 (571 records)
#87 (animal in tg) not ((animal in tg) and (human in tg)) (141,734 records)
#88 #86 not #87 (565 records)
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Appendix 3

Papers identified at abstract stage

Reference Included or excluded?

Cochrane Methodology Database – 112 hits, 11 papers requested
Albert JM, Yun H. Statistical advances in AIDS therapy trials. Stat Methods Med Res Excluded, no information about 
2001;10:85–100 quality

Benson K, Hartz AJ. A comparison of observational studies and randomized, Obtained – excluded at full text 
controlled trials. N Engl J Med 2000;342:1878–86 stage – observational studies have

control groups

Castillo S, Marson A, Chadwick D, Hutton J. Systematic reviews of randomized Excluded – abstract only available. 
controlled trials and observational studies of antiepileptic drugs: is there a systematic Assumed not case series but 
bias? The Cochrane Methodology Register in The Cochrane Library. Oxford: Update non-randomised comparison trials
Software; 2001

Chen CI, Skingley P, Meyer RM. A comparison of elderly patients with aggressive Obtained – excluded at full text 
histology lymphoma who were entered or not entered on to a randomized Phase II stage – not empirical examination 
Trial. Leuk Lymphoma 2000;38:327–34 of case series characteristics and

impact on validity

Guyatt GH, DiCenso A, Farewell V, Willan A, Griffith L. Randomized trials versus Excluded – compares effect 
observational studies in adolescent pregnancy prevention. J Clin Epidemiol 2000; (observational trials indicate 
53:167–74 greater effect than RCTs) but no

quality assessment of trials

Linde K, Scholz M, Melchart D, Willich SN. Should systematic reviews include Obtained – excluded at full text 
non-randomized and uncontrolled studies? The case of acupuncture for chronic stage – no empirical examination 
headache. J Clin Epidemiol 2002;55:77–85 of case series characteristics and

impact on validity

Meade MO, Cook DJ, Kernerman P, Bernard G. How to use articles about harm: Excluded – describes hierarchy of 
the relationship between high tidal volumes, ventilating pressures, and ventilator- evidence using articles on harm as 
induced lung injury. Crit Care Med 1997;25:1915–22 an example. Quality aspects

beyond study design are not
discussed

Petitti DB. Coronary heart disease and estrogen replacement therapy. Can compliance Excluded – no discussion of 
bias explain the results of observational studies? Ann Epidemiol 1994;4:115–18 quality of observational studies

Radford MJ, Foody JM. How do observational studies expand the evidence base for Obtained – excluded at full text 
therapy? JAMA 2001;286:1228–30 stage – observational studies have

control groups

Skovlund E. A critical review of papers from clinical cancer research. Acta Oncol 1998; Obtained – excluded at full text 
37:339–45 stage – no empirical examination

of case series characteristics and
impact on validity

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-analysis Obtained – excluded at full text 
of observational studies in epidemiology: a proposal for reporting. Meta-analysis Of stage – observational studies have 
Observational Studies in Epidemiology (MOOSE) group. JAMA 2000;283:2008–12 control groups

HTA database, 19 hits, 3 papers requested
CRD. Evaluating non-randomised interventions Ongoing study

Deeks JJ, Dinnes J, D’Amico R, Sowden AJ, Sakarovitch C, Song F, et al. Evaluating Obtained – excluded at full text 
non-randomised intervention studies. Health Technol Assess 2003;7(27). stage – used for background

Eastwood A. Indirect comparisons of competing interventions Obtained – excluded at full text
stage – no empirical examination
of case series characteristics and
impact on validity

continued
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Reference Included or excluded?

National Research Register: 32 hits, one paper requested
Agency for Healthcare Research and Quality. Systems to Rate the strength of scientific Excluded – observational studies 
evidence. Evidence Report/Technology Assessment No. 47. Rockville: Agency for assessed but assumed to have a 
Healthcare Research and Quality;2002 control group

Handsearched journals – requested papers

American Journal of Epidemiology
Giovannucci E. Meta-analysis of coffee consumption and risk of colorectal cancer Excluded – cohort and 
Am J Epidemiol 1998;147:1043–52 case–control studies only

Korte JE, Brennan P, Henley SJ, Boffetta P. Dose-specific meta-analysis and sensitivity Excluded – epidemiological data 
analysis of the relation between alcohol consumption and lung cancer risk. meta-analysis – cohorts with 
Am J Epidemiol 2002;155:496–506 reference groups, case–controls

Pladevall-Vila M, Delclos GL, Varas C, Guyer H, Brugues-Tarradellas J, Anglada-Arisa A. Excluded – only included 
Controversy of oral contraceptives and risk of rheumatoid arthritis: meta-analysis of case–control and cohort studies
conflicting studies and review of conflicting metaanalyses with special emphasis on 
analysis of heterogeneity. Am J Epidemiol 1996;144:1–14 

Stram DO, Huberman M, Wu AH. Is residual confounding a reasonable explanation  Excluded – epidemiological. 
for the apparent protective effectiveness of beta-carotene found in epidemiologic Looks at �-carotene as a 
studies of lung cancer in smokers? Am J Epidemiol 2002;155:622–8 confounder. �-Carotene is

actually a marker of actual
smoking intake, rather than as
offering protective effect against
lung cancer

Controlled Clinical Trials
Dunn D, Babiker A, Hooker M, Darbyshire J. The dangers of inferring treatment Excluded – only controlled 
effects form observational data: a case study in HIV infection. Control Clin sample discussed
Trials 2002;23:106–10

Gorkin L, Schron EB, Handshaw K, Shea S, Kinney MR, Branyon M, et al. Clinical Obtained – excluded at full 
trial enrollers vs. nonenrollers: the Cardiac Arrhythmia Suppression Trial (CAST)  text – used for background
Recruitment and Enrollment Assessment in Clinical Trials (REACT) project. Control
Clin Trials 1996;17:46–59

Heitjan DF. Causal  inference in a clinical trial: a comparative example. Control Clin Trials Excluded – no case series data
1999;20:309–18 

Omoigui NA, Topol EJ.Observational versus randomised medical device testing before Excluded – discussion only, 
and after market approval – the atherectomy-versus-angioplasty controversy. no mention of quality of RCTs or 
Control Clin Trials 1995;16:143–9 observational studies

International Journal of Health Technology Assessment
Clarke M, Clarke T. A study of the references used in Cochrane protocols and reviews. Excluded – only distinguishes 
Int J Health Technol Assess 2000;16:907–9 ‘journal articles’, not type of

research

Granados A. Health technology assessment and clinical decision making: which is the Excluded – opinion paper
best evidence? Int J Health Technol Assess 1999;15:585–614 

Hyde CJ. Using the evidence: a need for quantity, not quality? Int J Health Technol Assess Excluded – opinion paper
1996;12:280–7 

Journal of Epidemiology and Community Health
Freemantle N, Wood J, Crawford F. Evidence into practice, experimentation and Excluded – discussion only, 
quasi experimentation: are the methods up to the task? J Epidemiol Community Health no new data
1998;52:75–81

Hotopf M, Lewis G, Normand C. Putting trials on trial – the costs and consequences  Excluded – no case series studies 
of small trials in depression: a systematic review of methodology. J Epidemiol  included
Community Health 1997;51:354–8 

Jefferson T, Demicheli V. Relation between experimental and non-experimental study Excluded – no assessment of 
designs. HB vaccines: a case study. J Epidemiol Community Health 1999;53:51–4 study quality



DuRant (1994).36 Checklist for the
evaluation of research articles
I. Introduction
(a) Is the review of the previous research

appropriate and sufficient? Have the relevant
studies been cited and discussed?

(b) Is the problem to be studied clearly stated?
(c) Is the significance of the problem established?
(d) Have the authors established a theoretical

framework for their study?
(e) Are the theoretical terms or concepts clearly

described and defined?
(f) Are the objectives or the hypotheses clearly

stated?
(g) Does the literature review provide a

justification for the hypotheses (do the
hypotheses logically flow from the literature
review)?

(h) Do the hypotheses logically flow from the
theoretical model?

II. Methods and procedures
(a) Are the methods that were selected

appropriate to test the hypotheses
adequately?

(b) Is there evidence of protection of human
subjects in terms of the study being approved
by an institutional review board?

(c) Is the study design:
1. Experimental or quasi-experimental (go to

III).
2. Survey or cross-sectional (go to V).
3. Retrospective chart (medical record)

reviews and retrospective study (go to VII).
4. Case–control study (go to VIII).

III. Experimental or quasi-experimental
designs
(a) Has the study sample been clearly described

in terms of sample size and demographic
characteristics such as age, gender, location,
socioeconomic status, etc.?

(b) Do the authors describe how the subjects were
selected? Were they selected randomly,
haphazardly, convenience sample, clinic
population, etc.?

(c) What were the selection-eligibility criteria?
(d) Were the selection-eligibility criteria applied

without knowledge of the specific treatment
regimens to which the patients were being
assigned?

(e) Did the selection criteria have an impact
upon the subject’s response to the treatment?
For example, were subjects selected because
they scored either very high or very low on a
particular scale or were patients at low risk or
high risk of contracting a particular disease
selected for study?

(f) How were subjects assigned to experimental
groups? (Any method besides random
indicates that the study is a quasi-
experimental design.)

(g) If subjects were randomly assigned to
treatment and control groups, how was
randomisation accomplished? Was a random
numbers table used? (Methods such as
alternating assignments, coin tossing, picking
numbers out of a hat are not random.)

(h) Were individual subjects randomly assigned to
treatment and control groups or were subjects
assigned to treatment and control groups in
blocks or groups?

(i) If subjects were randomly assigned to
experimental groups on an individual basis, is
it possible that subjects within treatment and
control groups may have interacted, leading
to a contamination of the treatment effect?

(j) If subjects were assigned to experimental
groups en bloc, were a sufficient number of
blocks included in each treatment group to
ensure adequate statistical power?

(k) Were subjects blinded as to which
experimental group they were assigned?

(l) Was the individual measuring the outcome
variable(s) blinded to the experimental group
that the subject was assigned?

(m) If the subjects had knowledge of which
experimental group they were in, did this
knowledge influence the subjects’ responses
to either the treatment or control
interventions?

(n) If the investigator measuring the outcome
variable was not blinded, was the outcome
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variable measured in such a way that such
knowledge could bias this measurement?

(o) Do the investigators clearly describe the
treatment effect or intervention? Are the
outcome, independent and control variables
measured with appropriate and accurate
methods? Do the operational definitions of
the variables match the theoretical
definitions?

(p) Have the laboratory tests, instruments and/or
questionnaires used to measure the variables
undergone validity and reliability testing?

(q) Have the procedures or methods used to
measure each of the variables undergone
standardisation for the particular population
that is being studied?

(r) Did the subjects in the control or comparison
group receive the exact same experimental
procedures and measurements as the subjects
in the treatment group, except for the
treatment intervention?

(s) Was there strict adherence to the protocol?
(t) Were the side-effects from the treatment and

control interventions clearly described?
(u) Was compliance with the treatment and

control intervention clearly described and was
compliance measured with an appropriate
method?

(v) Was compliance different in the treatment
and control groups?

(w) Was subject attrition discussed adequately?
(x) Was attrition kept to less than 10% in both

groups?
(y) If a multi-centre trial was used, what methods

were used to ensure that the experiment was
conducted the same at all centres?

(z) Do the investigators compare the results from
the different centres prior to pooling the data
for final analysis?

IV. Statistical analysis for experimental
designs
(a) Were between-group comparisons made at

the pretest period and then at the post-test,
or do the investigators assess the results using
within-group comparisons, assessing
pretest–post-test differences within each
experimental group?

(b) Do the investigators demonstrate a lack of
statistical differences in the pretest
measurements between the control and the
treatment groups? If not, was a covariance
analysis used?

(c) If the investigators indicate that a t-test for
two independent means was used to analyse
the data, were the following assumptions met:
1. two and only two groups are compared

2. that the outcome variable is measured on
an interval, ratio or continuous level scale.

3. that the variances of the measurement of
the outcome variable are similar for both
the treatment and control group.

4. that the measurement of the outcome
variable is normally distributed (in a bell-
shaped curve), or was the sample size large
enough to invoke the central limit
theorem?

(d) If more than two groups are compared do the
investigators use an analysis of variance test?
Note: the assumptions of the analysis of
variance test are the same as the t-test except
that three or more groups can be compared
simultaneously.

(e) If an analysis of variance test is used is it
followed by an appropriate multiple
comparison test? (Go to IX.)

V. Survey designs and cross-sectional
studies
(a) Are the criteria for inclusion of subjects

described?
(b) Has the study sample been clearly described

in terms of sample size and demographic
characteristics such as age, race, gender,
location, socioeconomic status, etc.?

(c) Is the study sample appropriate to the
problem being studied or the hypotheses
being tested?

(d) Is the study sample large enough to test the
hypotheses?

(e) How was the study sample selected (random,
haphazard, consecutive patients presenting
with a particular disease, all subjects in a
particular group, etc.)?

(f) Is the design of the study clearly described?
(g) Does the design of the study adequately test

the hypotheses?
(h) How was random selection of subjects

achieved? Was any other method besides the
use of a random numbers table used?

(i) Have the measurement of the outcome,
independent and control variables been
clearly described?

(j) Are the variables measured with appropriate
and accurate methods? Do the operational
definitions match the theoretical variables?

(k) Have the laboratory tests, instruments 
and/or questionnaires used to measure the
variables undergone validity and reliability
testing?

(l) Have the procedures or methods used to
measure each of the variables undergone
standardisation for the particular population
that is being studied?
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(m) Were the outcome variables measured using
appropriate ‘blinded’ methods?

(n) Have the number of non-respondents,
refusals and subjects lost to the follow-up
been kept reasonably small (less than 10%)?

(o) Was there strict adherence to the protocol?

VI. Statistical analysis for survey designs
and cross-sectional studies
(a) Were the statistical tests used to analyse the

data clearly described?
(b) Were the statistical tests chosen to analyse the

data appropriate in terms of
– adequately testing the hypotheses?
– matching the study or research design?
– meeting the statistical assumptions of the

distribution of the data and the types of
scales that were used to measure the
outcome, independent and control
variables?

– the manner in which the sample was
selected (random vs other)?

– sample size?
(c) In most cases, survey designs require

multivariate statistical tests to test the
hypotheses adequately. Examples of such tests
are multiple regression analysis, multivariate
analysis of variance, discriminative function
analysis, logistic regression analysis and factor
analysis. Were any of these tests used and
were they used appropriately? (Go to IX.)

VII. Retrospective chart (medical
record) reviews and retrospective
studies
(a) Was this study designed as a pilot study to

assess the feasibility of doing a prospective
study or was it designed as a definitive test of
a hypothesis?

(b) What method was used to identify patients
and their medical records? Was the total
targeted population identified and 
measured?

(c) Over what time period was the record review
conducted?

(d) Were there changes in procedures, diagnostic
tests, medical technology and treatments, etc.,
during the time period? How were these
changes handled?

(e) Did secular trends occur in cause and effect
relationships during the time period (i.e.
changes in diet and its relationship to heart
disease)?

(f) Were information and data collected in a
standardised manner?

(g) Were the definitions of disease and other
variables exact, specific and clearly defined?

(h) How many people reviewed the medical
records? Was interobserver or reviewer
reliability assessed?

(i) Was the information in the medical records
complete?

(j) How were missing data handled?

Many of the same questions asked concerning
survey designs are appropriate for chart review.
First answer the questions in Sections V and VI
and then go to IX.

VIII. Case–control studies
(a) Case–control studies use a retrospective

design and often require the review of the
cases’ and controls’ medical records. If the
study includes collecting data from the
medical record first go to Section VII and
answer questions a to j.

(b) How does the investigator control for recall
bias? Are multiple methods used to measure
important variables that could be influenced
by recall bias?

(c) Does the problem or disease being studied
suggest that recall bias may differ for cases
and controls?

(d) Are the list of factors found to be significantly
associated with the disease or outcome
specific to that disease? If several non-specific
factors are associated with the disease, does
this suggest a differential recall bias for cases
and controls?

(e) How were the comparison subjects selected? 
– one control per case selected in a non-

random fashion
– one control per case selected randomly

from a matched pool of subjects
– several controls per case selected randomly

from a pool of subjects
– several controls per case selected randomly

from two or more pools of subjects.
(f) Were the controls appropriate for the

hypothesis that was tested? Do they represent
people like the general population or like
people who have filtered through the health
care system?

(g) Were controls matched to cases?
(h) Were the variables chosen to match controls

or cases adequate to reduce competing
explanations for the outcome or disease in
question?

(i) Did wasted matching occur, i.e. did the
investigator match cases and controls on
variables that have no relationship to the
study?

(j) Did overmatching occur? Did the investigator
match on possible aetiological agents?
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(k) What kind of a population do the cases
represent? Are they a heterogeneous
representation of the disease or outcome in
question or a highly selected population for
whom responses have limited 
generalisation?

(l) Are other biases evident? Do we know more
about cases because they have been under
closer surveillance, volunteered more
information or been subject to more extensive
testing than control subjects?

IX. Results section
(a) Are the findings presented clearly, objectively

and in sufficient detail to enable the reader to
judge the results for himself/herself?

(b) Are the findings internally consistent, i.e. do
the numbers add up properly, can the tables
be reconciled, etc.?

(c) Is there sufficient analysis to determine
whether significant differences may in fact be
due to the lack of comparability in sex or age
distribution in clinical characteristics, or in
other relevant variables?

(d) Were the appropriate variables or factors
controlled for or blocked during the 
analysis?

(e) Were other potentially confounding variables
handled appropriately?

(f) Was the number of subjects studied
sufficiently large to avoid concluding that no
relationship exists when in fact a significant
relationship may have existed?

(g) Was the sample size so large that clinically
insignificant results were declared statistically
significant?

(h) Do the investigators present sufficient data in
the tables and in the text to evaluate the
results adequately?

(i) Are adequate summary data presented in the
tables (i.e. are continuous level data
presented as means ± SDs?)?

(j) Were appropriate probability levels (p-values)
used to determine statistical significance?

(k) Do the investigators avoid retrospective
hypothesis testing?

X. Discussion section
(a) Do the investigators consider all possible

logical interpretations of their results?
(b) Are the conclusions clearly stated?
(c) Are the conclusions substantiated by the data

that are presented in the results section?
(d) Do the investigators avoid introducing new

results in the discussion?
(e) Are the results adequately compared to the

previous studies in this area?

(f) Are the results adequately discussed in
relation to the theoretical model chosen to
develop the hypotheses?

(g) Are generalisations confined to the population
from which the sample was drawn?

(h) Are the limitations of the study considered
and are they taken into consideration when
conclusions are drawn?

(i) Are recommendations for future research
made?

Littenberg and colleagues
(1998).65 Closed fractures of the
tibial shaft. Quality assessment of
all types of study
1. Were reviewers of outcomes blinded to

treatment?
3. Were more than 85% of the patients in each

group followed up?
4. Were subjective (patient-reported) outcomes

described?
5. Was follow-up active (meaning that patients

were checked at prespecified intervals
regardless of whether they had complaints)
rather than passive (meaning that a complaint
triggered an assessment)

Score 3 points for yes, 2 for probably yes, 1 for
probably no, 0 for no.

Finally: RCT = 3 points, non-randomised
comparative study = 2 points, case series = 
0 points.

Maximum score = 15.

McAweeney and colleagues
(1997).66 Psychosocial
interventions in the rehabilitation
of people with spinal cord injury: 
a comprehensive methodological
enquiry
Each paper was given a score of 0–5 for each of
the elements (0 = no criteria met, 5 = all met).

Research evaluation criteria
Adequate statistical power
Effect size calculated
Confidence intervals stated
Type 1 error reported
Adequate description of non-participants
Clinical limitations stated

Appendix 4

90



Hypothesis stated
Reported the validity of measures
Measurement limitations stated
Control of error attempted
Reported the reliability of measures
Method limitations stated
Control of environment
Adequate criteria for entry
Discuss generalisations of the results
Adequate selection of subjects
Discuss implications of the results
Variables defined
Contribution to spinal cord injury literature
Completeness of study
Hypothesis matches the design
Overall
Adequate review of the literature
Reported the study measures used
Practical significance of the results
Cutting edge of available research
Descriptive statistics are provided
Conceptualisation
Administration of measures
Design matches hypothesis
Concise review
Methods are clear
Clear problem stated
Purpose stated
Appropriate statistics
Use of p-values

Range of scores
Grand mean
Median
Standard deviation

Nielsen and Reilly (1985).67

A guide to understanding and
evaluating research articles
Was the research based upon sound,
current theory in gifted education?
� An author’s review of the literature, justifying

the need for a particular study, should reflect
the theory upon which that study was founded.

� Articles cited should include those by noted
authorities in gifted education and be up-to-
date.

� The literature review should demonstrate the
need for this research and its value to the field
of gifted education.

Is the problem to be investigated
clearly stated?
� The problem statement should be free of highly

specialised vocabulary and be easily understood
by the average reader.

� The problem may be stated in narrative form,
such as ‘Students in a pull-out gifted
programme will increase their ability to think
critically’. This statement becomes the research
hypothesis.

� The problem also may be stated using statistical
notation, and then be termed the statistical
hypothesis. For example, the statement ‘the
mean score of the experimental group will be
greater than the mean score of the control
group’ would be written in statistical notation as
‘H1: �e > �c.’ H1 is the hypothesis to be tested;
�e is the mean or average score for the
population from which the experimental group
was taken, �c is the mean or average score of
the population from which the control group
was taken.

Are the variables clearly defined or
recognisable?
� An independent X variable is a factor that 

may be manipulated or varied by the
experimenter (i.e. the amount of time spent 
by a student in gifted classes, the type of
programme or the instructional material 
used).

� A dependent or Y variable is one that is
expected to change as the result of the
manipulations of the independent variable 
(i.e. a student’s score on an achievement 
test).

� The researcher should state how the variables
were measured (i.e. using achievement tests or
teacher rating scales).

Is the population to be studied
adequately described?
� Ages, gender, socioeconomic status and other

information relevant to the study must be
presented. This will assist in assuring that the
research results were not confused or
confounded by any of these variables.

� The method used to select the sample from the
population must be explained.

Was the study carefully designed?
� The procedure used to set up the study and

collect the data should be logical, clearly 
stated, and capable of future replication by
others.

� The type of research used (experimental,
descriptive, correlational, etc.) should be
evident. Each type has its own limitations and
requires that appropriate test statistics be
applied to the data. 
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Did the research establish the reliability
and validity of test instruments that
were used?
� The reliability of a measuring instrument is the

degree to which that instrument is dependable,
consistent and stable over time. Reliability
statements provide information regarding the
precision and accuracy of a measurement. They
define the magnitude of discrepancies between
true ability and a measurement of ability. A
reliability coefficient of 1.00 would indicate
perfect reliability, although in educational
research this situation never exists. However,
the nearer to 1.00 the reliability coefficient is,
the more reliable the measure.

� The validity of a measuring instrument states
the degree to which that instrument measures
what the researcher thinks it is measuring.
There are three major types of validity: content
validity, criterion-related validity and construct
validity. Content validity attempts to determine
whether the instrument has been constructed
adequately in order to be representative of the
substance and topics to be examined. Criterion-
related validity is determined by comparing the
instrument’s results with an outside measure,
predictor or criterion, such as grade-point
average. The higher the correlation between
the two, the more valid is the instrument.
Construct validity is established when the
researcher simultaneously defines some
concept, construct or variable and develops the
instrument to measure it. As with reliability, the
nearer to 1.00 a validity coefficient is, the more
valid the measure.

� If a new test is developed by a researcher,
reliability and validity should be reported as
determined from the data.

� If a standardised test is used, reliability and
validity results from the test manual should be
reported. Additionally, the researcher should
determine the reliability of the test when
applied to the subject population in the
reported study.

Are the stated results consistent with
the statistical data?
� When interpreting the results, statistics are used

to estimate to what degree, if any, the results are
likely to have occurred by chance alone. In
educational research, a 0.05 or 0.01 ‘level of
significance’ is customarily chosen. If a 0.05
level was selected, the probability of obtaining
the results by chance alone would only be 5% or
less (p ≤ 0.05).

� Researchers also report confidence levels, again
commonly 0.05 or 0.01, when interpreting data.
Confidence levels indicate the probability that
the actual mean score of a population lies
within a given range (confidence interval).
Using the example � (mean score) = 
75.0 ± 2.5 and a 0.05 level of confidence, one
could predict that the true mean score of the
population would fall between 77.5 and 72.5,
with a 95% probability of being correct.

Were the stated conclusions consistent
with the results?
� The conclusions should be easily understood by

the reader.
� Any conclusions which state that one variable

caused an effect upon another variable must be
consistent with and demonstrated by the
statistical results.

� The author must be cautious in forming any
generalisations or in suggesting that the same
results will be found in groups not included in
the study.

Did the author suggest areas of further
research?
� The researcher should describe those areas that

need further examination.
� The author should suggest practical

recommendations as to how the results or
conclusions of the study could be implemented.
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Related factor loadings above 0.40 derived from
principal components solution of intercorrelations
of judges’ ratings on each of 25 characteristics of
125 research articles.

The descriptive expressions of each of the five
steps for each of the 25 rating scales were as
follows: (1) completely incompetent, (2) poor, 
(3) mediocre, (4) good and (5) excellent. The
factors were tentatively identified as follows:

I. Method of analysis
II. Design
III. Sampling
IV. Rigour
V. Significance
VI. Hypothesis
VII. Exposition
VIII. Objectivity

Each expert rated his/her article on the 
25 characteristics. A product–moment correlation
matrix was calculated for the ratings assigned by
the 125 judges to the 25 characteristics. Principal
components were extracted using the squared
multiple R1 for each characteristic with the other
characteristics as the estimate of its communality.
A comparison of the factors derived from the
factor analysis with the a priori categorisation
made by the Committee revealed one major
difference, i.e. ‘data gathering’ did not emerge 
as a factor, although three scales (13, 14 
and 15) had been specifically designed to evaluate
this aspect of the research articles. It would 
appear that the judges did not view data 
gathering as a separate entity but subsumed such
procedures under Research Design and, to a 
lesser degree, under Analysis of Data and
Sampling.
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Characteristics (scales) on the evaluation form Factors

I II III IV V VI VII

1. Problem is clearly stated
2. Hypotheses are clearly stated
3. Problem is significant
4. Assumptions are clearly stated
5. Limitations of the study are stated
6. Important terms are defined
7. Relationship of the problem to previous research is 

made clear
8. Research design is described fully
9. Research design is appropriate for the solution of the 

problem
10. Research design is free of specific weaknesses
11. Population and sample are described
12. Method of sampling is appropriate
13. Data-gathering methods or procedures are described
14. Data-gathering methods or procedures are appropriate 

to the solution of the problem
15. Data-gathering methods or procedures are utilised correctly
16. Validity and reliability of the evidence gathered are established
17. Appropriate methods are selected to analyse the data
18. Methods utilised in analysing the data are applied correctly
19. Results of the analysis are presented clearly
20. Conclusions are clearly stated
21. Conclusions are substantiated by the evidence presented
22. Generalisations are confined to the population from which 

the sample was drawn
23. Report is clearly written
24. Report is logically organised
25. Tone of the report displays an unbiased, impartial scientific 

attitude

Shay and colleagues (1972).68 The factorial validity of a rating scale for
the evaluation of research articles
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A. Appropriateness of study design to objectives?

1. Good? 2. Fair? 3. Poor?

B. Study population and sample

B.1. Study population

1. Good? 2. Fair? 3. Poor? 4. ?

B.2. Description of sample:

1. Good? 2. Fair? 3. Poor? 4. ?

B.3. Entry criteria and exclusions:

1. Good? 2. Fair? 3. Poor? 4. N/A 5. ?

B.4. Sample method:

1. Good? 2. Fair? 3. Poor? 4. ?

B.5. A priori estimate of required sample size?

1. Good? 2. Fair? 3. Poor? 4. N/A

B.6. Sample size:

Adequate? 1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

B.7. Sample representative of study population?

1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

B.8. Sample representative of target population

1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

C. Control group

C.1. Description of controls:

1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

C.2. Adequacy of controls:

1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

C.3. Random treatment allocation:

1. Good? 2. Fair? 3. Poor? 4. N/A

C.4. Randomisation tested?

1. Good? 2. Fair? 3. Poor? 4. N/A

C.5. Matching to control confounding?

1. Good? 2. Fair? 3. Poor?

C.6. Adequacy of matching?

1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

C.7. Group comparability?

1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

Sheldon and colleagues (1993).69 Critical appraisal of the medical
literature: how to assess whether health-care interventions do more
harm than good
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D. Interventions

D.1. Therapeutic intervention:

Standardisation: 1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

D.2. Use of placebo?

1. Good? 2. Fair? 3. Poor?

D.3. Placebo intervention:

Standardisation: 1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

D.4. Adequacy of placebo?

1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

E. Measurements/outcomes

E.1. Measurements/outcomes used:

Validity: 1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

E.2. Reproducibility of measures/outcomes:

1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

E.3. Blinding of subjects:

1. Absolute? 2. Partial? 3. No? 4. N/A

E.4. Blinding of observers:

1. Absolute? 2. Fair? 3. No? 4. N/A

F. Completeness

F.1. Compliance (%):

Adequacy? 1. Good? 2. Fair? 3. Poor? 4. N/A 5. 

F.2. Withdrawal (%):

Adequacy? 1. Good? 2. Fair? 3. Poor? 4. N/A 5. 

F.3. Non respondents (%):

Adequacy? 1. Good? 2. Fair? 3. Poor? 4. N/A 5. 

F.4. Extent of missing data:

1. Minimal 2. Moderate 3. Extensive 4. N/A

F.5. Analysis performed on basis of intention-to-treat:

1. Good? 2. Fair? 3. Poor? 4. No? 5. N/A

6. ?

G. Statistical analysis

G.1. Presentation of descriptive statistics:

1. Good? 2. Fair? 3. Poor? 4. ?

G.2. Stratification (control confounding):

Appropriate? 1. Good? 2. Fair? 3. Poor? 4. N/A

Adequacy? 1. Good? 2. Fair? 3. Poor? 4. N/A 5. ?

G.3. Multivariate method (control confounding):

Appropriate? 1. Good? 2. Fair? 3. Poor? 4. N/A

Adequacy? 1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 
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G.4. Statistical analysis for point estimate:

Appropriate? 1. Good? 2. Fair? 3. Poor? 4. N/A

Adequacy? 1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

G.5. Statistical analysis for interval estimate:

Appropriate? 1. Good? 2. Fair? 3. Poor? 4. N/A

Adequacy? 1. Good? 2. Fair? 3. Poor? 4. N/A 5. ? 

G.6. Statistical power analysis for negative results:

1. Good? 2. Partial? 3. Poor? 4. N/A 5. ? 

H. Others

Comments

1. Random assignment, properly done

2. Suitable choice of reference group

3. Similar methods of data collection for all 
groups

4. Proper sampling or suitable assembly of 
comparison group

5. Sample size
a. enables adequately precise estimates of 

priority variables found to be significant
b. enables adequate precision in secondary 

variables reported (confounding variables 
or incidental findings)

c. power reported for non-significant 
findings

d. power declared a priori
e. clinical or practical significance of 

statistically significant differences set 
forth or justified

6. Criteria for definition or measurement of 
the outcomes are objective or verifiable

7. Definition of exposure; unambiguous and 
measurable

continued

Spitzer and colleagues (1990).33 Links between passive smoking and
disease: a best-evidence synthesis
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Comments

8. Measurement of exposure; accurate and 
verifiable

9. Blind assessment

10. Observation bias minimised by design or 
accounted for in analysis

11. Selection bias accounted for

12. Objective criteria for eligibility of subjects 
(inclusion and exclusion)

13. Attrition rates (%)
a. response rate
b. losses to follow-up
c. other

14. Known confounders accounted for
a. by design
b. by analysis

15. Any methods to attempt comparability 
between groups, other than randomisation

16. Comparability of groups under comparison 
demonstrated

17. Appropriate statistical analytic plan
a. evidence that a priori hypotheses being 

tested
b. correct method used
c. adjustment made for

– multiple comparisons
– simultaneous multiple range testing

d. display of raw data permits assessment 
of actual measures and adjustments or 
transformations made

18. Conclusions supported by data presented

19. Reproducibility of method(s)

20. Generalisability of results
a. from sample(s) to parent population
b. from sample(s) to any relevant population

21. Other, specify
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Quality assessment used by Taylor and colleagues (2002).58 Spinal cord
stimulation for chronic low back pain
Design of study
RCT
Non-randomised trial
Prospective cohort
Retrospective cohort
Case–control
Case series
Unclear

Case series – detailed quality assessment
1. Selection bias
Were the patients consecutive cases? Yes No Can’t tell
If not, was it a representative sample? Yes No Can’t tell

Sampling method: 

If not, were those included shown to be the same as the total treated? Yes No Can’t tell

How? 

2. Sampling bias
In addition to SCS did the patient receive any co-interventions? Yes No Can’t tell

List: 

3. Detection bias
Were the cases prospective? Yes No Can’t tell

Detail: 

If not, was there assessment of outcome before and after the intervention?
Yes No Can’t tell

Detail: 

Was there assessment of outcome made by an independent or blinded assessor?
Yes No Can’t tell

Detail: 

If not, was the assessment of outcomes carried out by a blinded assessor?
Yes No Can’t tell

Detail: 

Were outcomes assessed using objective/validated measures? Yes No Can’t tell

Detail: 

4. Attrition bias
Was there loss to follow up for the patient series? Yes No Can’t tell

If yes, what was the level of loss to follow-up? %
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Appendix 5

Papers excluded from angina search

Paper identified through search Reason for exclusion

Bertelsen CA, Kjoller M, Hoier-Madsen K, Folke K, Fritz-Hansen P. Influence of complete Excludes in-hospital deaths
revascularization on long-term survival after coronary artery bypass surgery. Scand Cardiovasc J
1997;31:271–4

Diegeler A, Spyrantis N, Matin M, Falk V, Hambrecht R, Autschbach R, et al. The revival of Minimally invasive CABG 
surgical treatment for isolated proximal high grade LAD lesions by minimally invasive technology
coronary artery bypass grafting. Eur J Cardiothorac Surg 2000;17:501–4

Gould BL, Clayton PD, Jensen RL, Liddle HV. Association between early graft patency and Does not report 
late outcome for patients undergoing artery bypass graft surgery. Circulation 1984;69:569–76 appropriate outcomes

Hirzel HO, Eichhorn P, Kappenberger L, Gander MP, Schlumpf M, Gruentzig AR. Only includes patients with 
Percutaneous transluminal coronary angioplasty: late results at 5 years following intervention. successful PTCA
Am Heart J 1985;109:575–81

Kiebzak GM, Pierson LM, Campbell M, Cook JW. Use of the SF36 general health status Does not report 
survey to document health-related quality of life in patients with coronary artery disease: appropriate outcomes
effect of disease and response to coronary artery bypass graft surgery. Heart Lung 2002;
31:207–13

Laarman G, Luijten HE, van Zeyl LG, Beatt KJ, Tijssen JG, Serruys PW, et al. Assessment of Does not report 
‘silent’ restenosis and long-term follow-up after successful angioplasty in single vessel coronary appropriate outcomes
artery disease: the value of quantitative exercise electrocardiography and quantitative coronary 
angiography. J Am Coll Cardiol 1990;16:578–85

Lawrie GM, Morris GCJ. Survival after coronary artery bypass surgery in specific patient Duplicate publication: 
groups. Circulation 1982;65:43–8 Lawrie et al., 198291

Pijls NH, Bech GJ, el Gamal MI, Bonnier HJ, De Bruyne B, Van Gelder B, et al. Does not report 
Quantification of recruitable coronary collateral blood flow in conscious humans and its appropriate outcomes
potential to predict future ischemic events. J Am Coll Cardiol 1995;25:1522–8

Rubin DA, Nieminski KE, Monteferrante JC, Magee T, Reed GE, Merman MV. Ventricular Does not report 
arrhythmias after coronary artery bypass graft surgery: incidence, risk factors and long term appropriate outcomes
prognosis. J Am Coll Cardiol 1985;6:307–10

Slagboom T, Kiemeneij F, Laarman GJ, van der Wieken R, Odekerken D. Actual outpatient Only 24-hour follow-up
PTCA: results of the OUTCLAS pilot study. Catheter Cardiovasc Interv 2001;53:204–8

Staudacher RA, Hess KR, Harris SL, Abu-Khalil J, Heibig J. Percutaneous transluminal Does not report 
coronary angioplasty utilizing prolonged balloon inflations: initial results and six-month appropriate outcomes
follow-up. Catheter Cardiovasc Diagn 1991;23:239–44

ten Berg JM, Bal ET, Gin TJ, Ernst JM, Mast EG, Ascoop CA, et al. Initial and long-term results Duplicate publication: 
of percutaneous transluminal coronary angioplasty in patients 75 years of age and older. ten Berg et al., 199692

Catheter Cardiovasc Diagn 1992;26:165–70

Tsang J, Sheppard R, Mak KH, Brown D, Huynh T, Schechter D, et al. Six-month outcomes Only patients with 
of percutaneous transluminal coronary angioplasty in hypertensive patients: results from the successful PTCA included
ROSETTA registry. Routine Versus Selective Exercise Treadmill Testing After Angioplasty. 
Am Heart J 2002;143:124–9

Yli-Mayry S, Huikuri HV. Clinical and angiographic prediction of myocardial infarction and Patients who died of had 
recurrence of severe angina during a five-year follow-up after coronary artery bypass grafting. angina excluded from the 
Am J Cardiol 1993;72:1371–5 study
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CABG for chronic stable angina – study outcomes

Study Mortality Angina No. of 5-Year survival 10-Year survival 7-Year survival 
(%) recurs (%) grafts (from curve) (from curve) (from curve) 

(%) (%) (%)

BARI139 12 15

CABRI140 2.70 14

ERACI141 4.70 21

Goy et al.142 2 5

Hamm et al.143 5.10 26

Hueb et al.144 1 2

Jones and Weintraub145

King et al.146 6 12

Puel et al.147 12

RITA148 3.60 21

Bonnier et al.149 17 96 84

Mick et al.150 25 7 3.1

Tyras et al.151 2 27 97.9

Ullyot et al.152 3 27

Acar et al.153 8.40 11.30 2.8 92

Acinapura et al.154 15.40

Acinapura et al.155 23.10 20

Arnold et al.156 13 37 2.2 87

Ashor et al.157 7 24 2

Azariades et al.158 18.4 81.6

Azariades et al.158 6 30 82

Baldwin et al.159 8 45

Barner et al.160 23 37 93 84

Bathgate and Irving161 42 56 2.95 90 65

Bell et al.162 13.40

Beretta et al.163 0 0 3.8

Bergsma et al.164 4.70 14.60 96 91.10

Brandrup-Wognsen et al.165 5.60

Cameron et al.166

Canver et al.167 35 59

Carter168 3.30 17 3.5

Christakis et al.169 10 90

Christenson and 18 90 74
Schmuziger170

Cohen et al.220 16

Egstrup171 3 19 3.3

Farrer et al.60 8 26 2.7

Fitzgibbon et al.172 62 3.8 94 81

French et al.173 26 2.3 91 74

Gale et al.174 4 54 2.3

Gelbfish et al.175 21 39 2.6

Gelfand et al.176 3 21 2.3

Green et al.177 6 27

Higginbothom et al.178 14 29 2.4
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Study Mortality Angina No. of 5-Year survival 10-Year survival 7-Year survival 
(%) recurs (%) grafts (from curve) (from curve) (from curve) 

(%) (%) (%)

Horgan et al.179 13 27
Horneffer et al.221 5 28
Horneffer et al.221 10 25
Horneffer et al.221 14 26
Ivert et al.180 16 17 2.6
Jenkins et al.181

Jones and Weintraub145 25 90 75
Killen et al.182 11 63 90 71
Killen et al.183 24 40 1.1 96 86
Killen et al.184 28 1.2 95 87
Kornfeld et al.185 23 46
Laird-Meeter et al.186 14 92 79
Laks et al.187 4 33 1.9 92
Lawrie et al.91 7 52
Liao et al.188 21.40
Lytle et al.189 15 35 94 85
Maddern et al.190 9 7 91
MacDonald et al.191 16
Morin et al.192 10 36 4
Morris et al.193 9
Mullany et al.194 25 21 3.2 71
Nicholson and Paterson195 0 7 1
Ochsner et al.196 28 46 72
Palatianos et al.197 5 11
Patel et al.198 9 3.3
Peterson et al.1995 15.30
Pinna-Pintor et al.200 6
Rahimtoola et al.201 62 73
Rahimtoola et al.202 59 44 88 72
Richardson and Cyrus203 11
Risum et al.204 16 89
Risum et al.205 26 89 75
Ruygrok et al.206 41 23 2.8 77 50
Saatvedt et al.207 0 0
Salomon et al.208 89 74
Schaff et al.209 23 53 92 71
Schmuziger et al.210 1.80
Sheldon and Loop211 89 77
Simmons et al.212 8 51 2.8
Sterling et al.213 6 2.9
Tector et al.214 1 0 1.7
Tschan et al.215 7 2 90.2 88.4
Tyras et al.151 12 88
Ullyot et al.216 4.50 33 2.4
Verhiest et al.217 2
Weintraub et al.218 45 41 76 55
Wright219 11 50
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PTCA for chronic stable angina – outcomes

Study Mortality Angina No. of 5-Year Survival 10-Year survival 7-Year survival 
(%) recurs (%) grafts (from curve) (from curve) (from curve)

(%) (%) (%)

BARI139 14 21

CABRI140 4 10

ERACI141 9.50 43

Goy et al.142 4

Hamm et al.143 2 29

Hueb et al.144 1

Jones and Weintraub145

King et al.146 7 20

Puel et al.147 10

Bonnier et al.149 11 4 93 92

Cavallini et al.222 0 34

Jeroudi et al.223 13 13

Kamp et al.224 5

Meyer et al.225 1 30

Mick et al.150 25 28

Perry et al.226 0.50

Simpfendorfer et al.227 7 23

Thomas et al.228 0.40 27

Thompson et al.229 92

Thompson et al.229 72

Thompson et al.229 72

Anderson and Ward220 0 64

Arnold et al.231 7

Bell et al.232 36 76

Bentivoglio et al.233 5

Berger et al.234 2 16

Buffet et al.235 14 27

Buffet et al.236 3.50 12 96 96

Burton et al.237 1 40

Ciampricotti et al.238 18

Cowley et al.239 0 34

Cowley et al.240 5 26

de Jaegere et al.241 10 27

Deligonul et al.242 7 20

Dorros et al.243 2 30

Dorros et al.244 11 54

Dorros et al.244 7 90

Ellis et al.245 4.50

Ellis et al.246 4 57 95 91

Ernst et al.247 2 26

Gaylani et al.248 1 34

Glazier et al.249 1

Grigg et al.250 0 12

Gurbel et al.251 0 8
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Study Mortality Angina No. of 5-Year Survival 10-Year survival 7-Year survival 
(%) recurs (%) grafts (from curve) (from curve) (from curve)

(%) (%) (%)

Henderson et al.252 6 26 96

Holmes et al.253 45

Ilsley et al.254 2 32

Ivanhoe et al.255 2 33 98

Jost et al.256 3 56

Kelsey et al.257 8

King and Schlumpf258 8 29 90

Kofflard et al.259 12 20 87

Krajcer et al.260 42

Leisch et al.261 18

Maiello et al.262 9 45

Mata et al.263 0 64

Melchior et al.264 0 66

Morton et al.265 3 61

Myler et al.266 1 74

Piovaccari et al.267 2 16

Richardson et al.268 10

RITA148 3 31

Ruygrok et al.269 23 47 90 78

Ruygrok et al.270 0 12

Safian et al.271 7 37

Sahni et al.272 5 15

Scott et al.273 10 20

Simpfendorfer et al.274 6 26

Skinner et al.61

Stammen et al.275 1 25

Stein et al.276 92

Suryapranata et al.277 2

Talley et al.278 4 15 96

Tan et al.279 12 48 83

ten Berg et al.92 23 45 77

ten Berg et al.92 2 25 98

Thompson et al.280 9 27

Urban et al.281 8 67

Valentine and Manolas282 1

Vandormael et al.283 11 86

Voudris et al.284 3 46

Webb et al.285 6 21 95

Weintraub et al.286 6 54

Weintraub et al.287 30 94

Weintraub et al.288 30 91 83

Wilson and Stone289 9

Yamaguchi290 2 16
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Spinal cord stimulation – included studies

Study Study Country Publication Journal No. of patients 
design date implanted

Dario294 Cohort Italy 2001 Neuromodulation 49

North295 RCT USA 1995 Acta Neurochir Suppl 51

Barolat296 Case series USA 1999 Neuromodulation 80

Barolat297 Case series USA 2001 Neuromodulation 41

Batier298 Case series France 1989 Agressologie 14

Bel299 Case series Germany 1991 Acta Neurochir Suppl 14

Blond300 Case series France 1991 Neurochirurgie 59

Blond301 Case series France 1998 Douleur et Analgesie 250

Blume302 Case series USA 1992 Neurosurgery 28

Burchiel303 Case series USA 1993 IASP 7th World Congress on Pain 42

Burchiel304 Case series USA 1995 40

Clark305 Case series USA 1975 Surg Neurol 6

Dam Hieu306 Case series France 1994 Rev Rhum (Engl Edn) 77

De La Porte307 Case series Switzerland 1983 Spine 38

De La Porte308 Case series Belgium 1993 Pain 64

Demirel309 Case series Germany 1984 Neurochirurgie 7

Devulder310 Case series Belgium 1990 Clin J Pain 23

Devulder311 Case series Belgium 1991 Clin J Pain 43

Devulder312 Case series Belgium 1997 J Pain Symptom Manage 69

Fassio313 Case series France 1988? Rev Chir Orthop 20

Gonzalez-Darder314 Case series Spain 1992 Rev Esp Anestesiol Reanim 13

Hassenbusch315 Case series USA 1995 Acta Neurochir 9

Heidecke316 Case series Germany 2000 Neuromodulation 42

Hoppenstein317 Case series USA 1975 Surg Neurol 13

Hunt318 Case series USA 1975 Surg Neurol 5

Kalin319 Case series 1984 Pain 77

Kavar320 Case series Australia 2000 J Clin Neurosc 19

Kay321 Case series UK 2001 Br J Neurosurg 36

Kim322 Case series Japan and 1994 Jpn J Neurosurg 58
France

Kim323 Case series Korea and 2001 Neurosurg 19
USA

Kumar324 Case series Canada 1986 Pain Clinic 38

Kumar325 Case series Canada 1991 J Neurosurg 57

Kumar326 Case series USA and 1996 Surg Neurol 101
Canada

Kumar327 Case series 1998 Curr Rev Pain

Kumpulainen328 Case series Finland 1986 Ann Clin Res 4

Law329 Case series USA 1991 Pain Manage 115

Law330 Case series USA 1992 Stereotact Funct Neurosurg 117

Lazorthes331 Case series France 1995 Neurochirurgie 304

Leclercq332 Case series 1981 Neurochirurgie

Leclercq333 Case series USA 1982 R I Med J 20

LeDoux334 Case series USA 1993 Spine 26

Leibock335 Case series USA 1984 Nebr Med J 11
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Study Study Country Publication Journal No. of patients 
design date implanted

LeRoy336 Case series USA 1981 App Neuropsychol 49

Leveque337 Case series USA 2001 Neuromodulation 16

Long338 Case series USA 1975 Surg Neurol 55

Long339 Case series USA 1981 Indications for Spinal Cord Stimulation 24

Meglio340 Case series Italy 1994 Stereotact Funct Neurosurg 21

Meilman341 Case series USA 1989 Clin J Pain 20

Mittal342 Case series UK 1987 Ann R Coll Surg Engl 22

Mundinger343 Case series Germany 1982 Appl Neuropsychol 1

Neilson344 Case series USA 1975 Surg Neurol 81

North345 Case series USA 1977 Appl Neuropsychol 24

North346 Case series USA 1991 Pain 50

North347 Case series USA 1991 Neurosurgery 102

North348 Case series USA 1984 Pain 24

Ohnmeiss349 Case series USA 1996 Spine 40

Ohnmeiss350 Case series USA 2001 Spine J 36

Pineda351 Case series USA 1975 Surg Neurol 56

Probst352 Case series Switzerland 1990 Acta Neurochir (Wien) 112

Rainov353 Case series Germany 1996 Minim Invasive Neurosurg 29

Ray354 Case series USA 1975 Adv Neurosurg 95

Ray355 Case series USA 1982 Appl Neuropsychol 50

Richardson356 Case series USA 1979 Neurosurgery 9

Robb357 Case series 1990 Pain 13

Seijo358 Case series Spain 1993 Pain Clin 34

Shatin359 Case series USA 1986 Pace 86

Shatin360 Case series USA 1990 Pain 77

Sheldon361 Case series USA 1975 Surg Neurol 3

Siegfried362 Case series France/ 1982 Appl Neuropsychol 89
Switzerland

Simpson363 Case series UK 1991 J Neurol Neurosurg Psychiatry 7

Spiegelmann364 Case series USA 1991 Neurosurgery 12

Van Buyten365 Case series Belgium 1999 Neuromodulation 20

Van de Kelft366 Case series Belgium 1994 Qual Life Res 64

Vogel367 Case series Germany 1986 J Neurol 29

Waisbrod368 Case series Germany 1985 Arch Orthop Trauma Surg 16

Wester369 Case series Norway 1987 Acta Neurol Scand 10

Winkelmuller370 Case series Germany 1981 Indications for Spinal Cord Stimulation 56
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Spinal cord stimulation: study design

Study Consecutive Absence of Prospective Objective/ Validated Loss to Quality Average 
enrolment co-interventions blinded outcomes follow-up score follow-up 

outcomes (%) (months)

Dario294 Yes 0 42 

North295 Yes No Yes 0 6 

Barolat296 Yes Yes 0 3 24 

Barolat297 Yes Yes 2 12

Batier298 0 1 12.7

Bel299 No No 0 2 24

Blond300 Yes No No Yes 2 3 37

Blond301 No Yes 1 75

Blume302 No 0

Burchiel303 Yes 1 6

Burchiel304 Yes No Yes Yes 0 5 3

Clark305 No No No 0 2 24–60

Dam Hieu306 No Yes 0 2 42

De La Porte307 No Yes Yes 0 2 3

De La Porte308 Yes No No No Yes 2 48

Demirel309 Yes No No Yes 0 4 24

Devulder310 No No Yes 0 2 29

Devulder311 No No Yes 0 2 2–96

Devulder312 No No Yes 0 2

Fassio313 No Yes 1 24

Gonzalez- 0 1 5–27
Darder314

Hassenbusch315 No No Yes 0 2 18

Heidecke316 No 0 1 46

Hoppenstein317 No No 0 2 5–24

Hunt318 No No 1 1 9–51

Kalin319 No No 0

Kavar320 Yes No Yes Yes 0 5 18.5

Kay321 No No No 32 0 65

Kim322 Yes Yes 0 2 Up to 48

Kim323 Yes 17 1 47

Kumar324 No No 15 1 6–60

Kumar325 Yes Yes 0 3 40

Kumar326 Yes Yes 0 3 66

Kumar327 Yes Yes 6 3

Kumpulainen328 0 1 10

Law329 No No Yes 1 40

Law330 Yes No No 0 3 >30

Lazorthes331 No 0 1 120

Leclercq332

Leclercq333 Yes No No 0 3 1–24

LeDoux334 No No Yes 8 1 12

Leibock335 No No 0 1

LeRoy336 No Yes 1 30.7
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Study Consecutive Absence of Prospective Objective/ Validated Loss to Quality Average 
enrolment co-interventions blinded outcomes follow-up score follow-up 

outcomes (%) (months)

Leveque337 No Yes Yes Yes 0 3 34

Long338 No 0 0 24

Long339 No Yes 0

Meglio340 No Yes 1 45.5

Meilman341 No Yes Yes 0 3 1

Mittal342 No 0 1 Up to 96

Mundinger343 No 0

Nielson344 No 5 1 0–35

North345 No 11 1 0–13

North346 Yes No Yes Yes 8 4 26

North347 Yes No Yes Yes 8 4 69.6

North348 Yes Yes Yes 31 3 96

Ohnmeiss349 Yes Yes Yes Yes 5 6 24

Ohnmeiss350 Yes No Yes 0 4 5.5–19

Pineda351 0 1

Probst352 No 0 0 54

Rainov353 Yes 0 2 24–42

Ray354 No 56 0 18

Ray355 32 0 19.4

Richardson356 No No Yes 1 12

Robb357 No Yes 18 1 6

Seijo358 Yes No Yes Yes Yes 12 6 36

Shatin359 No No 45 0 14.5

Shatin360 No No Yes 57 1 6

Sheldon361 No No 0 0

Siegfried362 Yes 1 48–96

Simpson363 Yes No No Yes 3 4 29

Spiegelmann364 No Yes 1 13

Van Buyten365 Yes No No Yes 15 4 28

Van de Kelft366 Yes No No Yes 0 4 47

Vogel367 Up to 48

Waisbrod368 16.2

Wester369 Yes Yes 30 1 15

Winkelmuller370 No Yes 0 4–84§
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Spinal cord stimulation – sample details and outcomes

Study Multi-centre Median age Male Mean pain Pain relief VAS: 
(years) (%) duration (years) >50% (%) difference 

in means

Dario294 No 54 53 0

North295 No

Barolat296 No

Barolat297 48.8 75 7.0 66.7

Batier298 53 64.3

Bel299 57 35.7

Blond300 44.7 57 89.7

Blond301 44 65 76.0

Blume302

Burchiel303 59.5

Burchiel304 51.6 50 5.6 44.1 2

Clark305 41–48 80 33.3

Dam Hieu306 47 64 63.6

De La Porte307 47.2 52 11.2 94.7

De La Porte308 54 67 6.5 54.7

Demirel309

Devulder310 73.9

Devulder311 51 58.5

Devulder312 43 51

Fassio313 35–50 50 75.0

Gonzalez-Darder314 67 1.5

Hassenbusch315 56 22

Heidecke316 52 66 2

Hoppenstein317 3.8 76.9

Hunt318 46.4 5.6 60.0

Kalin319 47 61

Kavar320 52.5 41 9.9 35.3

Kay321 47 59

Kim322 45 44 5.5 89.6

Kim323 48 49 6.5 83.3

Kumar324 23–74 73 52.6

Kumar325 49 65 64.9

Kumar326 51.4 64 51.5

Kumar327 58.8

Kumpulainen328 45.2 75 75.0

Law329 70.2

Law330 45–52 7 27.4

Lazorthes331

Leclercq332 55.0

Leclercq333

LeDoux334 76.9

Leibock335 49 71 5.5

LeRoy336 20–59 45 49.0

Leveque337 50 23 6.4 50.0
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Study Multi-centre Median age Male Mean pain Pain relief VAS: 
(years) (%) duration (years) >50% (%) difference 

in means

Long338 83.6

Long339 75.0

Meglio340 51.5 42 6.3 61.9

Meilman341 41.4–50.5 65 7.9 55.0

Mittal342 48 59 9.7 45.5

Mundinger343 100.0

Nielson344 19–72 55 8.4 45.6

North345 48 42 79.2

North346 43.8 55 10.6 50.0

North347 49.1 44 7.8 32.4

North348 48 42 33.3

Ohnmeiss349 48 42 5.5

Ohnmeiss350 47.9 51 6.9

Pineda351 28–76 46 42.9

Probst352 48 57 1–33 63.4

Rainov353 46.5 41 1.4 12.8

Ray354 48.5

Ray355 74 49 54.0

Richardson356 85.7

Robb357 17–87 46.2

Seijo358 30–64 39

Shatin359 50 55 9.1 73.8

Shatin360 69.8

Sheldon361 66.7

Siegfried362 28–76 58 65.2

Simpson363 55 56 7 57.1

Spiegelmann364 52.9 58 5.7 75.0

Van Buyten365 47 30 0.86

Van de Kelft366 29–73 54 6.5 56.3

Vogel367 50 13.8

Waisbrod368 43 75 75.0

Wester369

Winkelmuller370 75.5
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