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Summary 

 

The overall theme of this thesis is the degree of bias protection in randomised clinical trials (RCTs) 

and how this is dealt with in systematic reviews. The main focus is on allocation concealment, 

which serves to avoid selection bias by masking what treatment the next patient to be enrolled will 

receive until the patient has been irreversibly included. On average the lack of reported adequate 

measures of allocation concealment in the trial reports is associated with approximately 20% 

exaggeration of the paucity of undesirable outcomes of the experimental treatment when measured 

as ratio of odds ratios. As the effect of many of the interventions provided by health-care systems is 

within this range, it is often unknown whether our health care interventions can be relied upon to 

convey a true effect rather than an apparent effect reflecting bias. On a worldwide perspective the 

financial implications are overwhelming. 

 In a systematic review of RCTs of whether intravenous administration of polyclonal 

immunoglobulin for adjuvant treatment of sepsis reduces all cause mortality, we found that relative 

risk of death with immunoglobulin treatment was 0.77 (95% confidence interval, 0.68–0.88) if all 

trials were included, whereas the trials with a high level of reported bias protection, which 

comprised almost half of the total evidence, failed to show a reduction in mortality: relative risk of 

1.02 (95% CI, 0.84–1.24). 

In the second paper we compared 102 pairs of published trial reports and their protocols and 

found that most trials with unclear allocation concealment in the trial reports also had unclear 

allocation concealment in the protocols. This suggests that drug-regulatory authorities and the 

science ethics committees should be given the resources and incentive to sanction only trial 

protocols with descriptions of adequate methods of allocation concealment.  
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In the last paper we estimated the percentage of “positive” conclusions drawn from meta-

analyses that remained supported at a 5% significance level when only trials with adequate 

allocation concealment were included in the re-analyses. Two-thirds of conclusions lost their 

support, partly due to loss of statistical power, and partly due to a shift in the overall point estimate 

towards no effect.  

In conclusion, we have shown an example of the importance of adequate bias protection,  

and have estimated the prevalence and characteristics of bias protection measures at protocol, trial 

and review level, and thereby disclosed that these issues need greater attention.                                  
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Resumé 

 

Det overordnede emne for afhandlingen er graden af beskyttelse mod bias i randomiserede kliniske 

studier og hvordan dette håndteres i  oversigtsartikler. Der fokuseres hovedsageligt på maskering af 

patient allokeringen. Denne forholdsregel har til formål at undgå selektion-bias, dvs. at undgå, at  

patienter med god prognose fortrinsvis kanaliseres ind i den behandlingsarm, der foretrækkes af den 

person, som står for inklusion af patienter og tildeling af, hvilken behandling der skal gives. Det 

opnås ved at maskere, hvilken behandling den næste patient, som står overfor at blive inkluderet i et 

klinisk studie, vil blive allokeret til indtil vedkommende er uigenkaldeligt inkluderet. I gennemsnit 

er manglende beskrivelse af denne forholdsregel i publikationer af kliniske randomiserede studier 

associeret med en overdrivelse af den eksperimentelle behandling med ca. 20% (målt som ratio af 

odds ratioer).  Eftersom effekten af mange af de interventioner, der anvendes i sundhedsvæsnet er af 

denne størrelsesorden er det ofte uvist, hvorvidt man forsøger at tilvejebringe en tilsyneladende 

effekt generet af bias eller en reel effekt. I et internationalt perspektiv er det således et spørgsmål 

om potentielt spild af overvældende  ressourcer. 

 I en systematisk oversigtsartikel over randomiserede kliniske studier af hvorvidt supplerende 

behandling af sepsis med immunoglobuliner reducerer dødeligheden, fandt vi, at den relative risiko 

for død indenfor 30 dage var 0.77 (95% usikkerheds-interval, 0.68–0.88) ved behandling med 

immunoglobuliner, hvis alle studierne indgik. Derimod viste de studier, der havde et højt niveau af 

beskyttelse mod bias, og som udgjorde ca. halvdelen af den statistiske information, ikke nogen 

reduktion af den relative risiko for død:  1.02 (0.84–1.24). 

 I den anden publikation sammenlignede vi 102 par af samhørende forsøgsprotokoller og 

publicerede rapporteringer af randomiserede kliniske studier. Vi fandt, at de fleste studier, som 

havde uklar maskering af allokeringen, også havde uklar maskering af allokeringen i følge 
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protokollen. Dvs. at politikere på internationalt plan bør give lægemiddelstyrelser og etiske 

komiteer ressourcer og incitament til kun at godkende protokoller, der eksplicit beskriver 

tilstrækkelige metoder til at sikre maskering af allokering.  

  I det sidste manuskript estimerede vi hvilken andel af de konklusioner, der drages af meta-

analyser, der fortsat understøttes af statistisk signifikante resultater, hvis der kun inddrages studier 

med tilstrækkelig maskering af allokering. Hovedparten af konklusioner mistede deres støtte, dels 

p.gr.a. tab af statistisk styrke, og dels fordi de tilbageblevne studier viste en mindre effekt af den 

eksperimentelle behandling. 

 Samlet set har vi i form af en systematisk oversigtsartikel givet et eksempel på vigtigheden 

af tilstrækkelig beskyttelse mod bias. Desuden har vi vurderet prævalensen og karakteren af 

beskyttelse mod bias i randomiserede kliniske interventions-studier og disses protokoller, samt i 

oversigtsartikler. Vi  har dermed påvist et stort behov for, at dem som godkender protokoller, er 

opmærksomme på at forhindre gennemførslen af studier, der kan give skævvredne resultater. Vi har 

endvidere afdækket et tilsvarende stort behov for, at forfattere, som opsummerer randomiserede 

studier i oversigtsartikler, forhindrer implementering af interventioner, der af samme grund ikke er 

tilstrækkeligt velfunderede.  
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Introduction 

 

The overall theme of this thesis concerns the level of protection against bias in randomised clinical 

trials (RCTs) and how this is dealt with in research synthesis at review level. Bias is a systematic 

distortion of the results in such a way that they do not exclusively reflect the difference of the effect 

of the interventions under investigation, but also (or exclusively) the impact of flawed research 

methods. The sources of bias are multiple; here we focus on 1) selection bias, 2) performance and 

ascertainment bias, 3) attrition bias and 4) publication bias.  

Selection bias occurs if patients with a better prognosis are preferentially channelled into 

one of the treatment arms. If this happens, the results of the trials will to some extent reflect the 

difference in prognosis. Selection bias may be caused by more or less conscious manipulation by 

the persons involved in enrolling patients into a trial. If, for instance, patients are allocated to two 

treatments on the basis of a computer-generated simple randomisation scheme, then this may seem 

to be a plausible guarantee of adequate randomisation, but if the randomisation plan is then posted 

on the bulletin board it will be quite transparent to the persons involved in the recruitment of 

patients, what treatment the next patient to be enrolled will get. This would allow the investigators 

to select the sequence of patients to be enrolled, e.g., if the next eligible patient has a good 

prognosis, but would be randomised into the treatment that the investigator does not wish to 

promote, then he or she could pretend to be too busy to enrol patients at that particular time or 

describe the trial in terms that would cause the patient to decline the participation request. To 

prevent the persons in charge of enrolment from introducing selection bias, the sequence of 

upcoming treatment allocations has to remain concealed until the patients have been irreversibly 

enrolled. Schulz et al. coined the term “allocation concealment” in 1995 to differentiate the 

concealment of the allocation sequence up until intervention assignment, which can always be done, 



 

9  

from the blinding with respect to the nature of the intervention to be implemented, which cannot 

always be done.1 Allocation concealment can be achieved in a several ways, for instance by 

requiring that the clinician first enrols the patient into the trial and then contacts a remote central 

randomisation centre to obtain the patient’s treatment assignment.  

According to authoritative sources double-blinding serves to prevent ascertainment bias 

(differential reporting on and detection of symptoms and treatment effects by patients and 

investigators) and performance bias (differential administration of the intervention or co-

interventions by care provider or patients). It is less recognised that it also serves to retain patients 

in trials and to improve their compliance with the control treatment 2-4 Most often double-blinding 

entails that the patient and investigators are blinded, and frequently that the investigators also serve 

as outcome assessors. However, in general, the term double-blinding is inconsistently used and 

defined. 5-8 Finally, the success of double-blinding should not be taken for granted, as, for example,  

side-effects may undermine it. Albeit, tests of the success of blinding are rare in published trial 

reports. 9 

Attrition bias may occur when patients drop out of, or are excluded from, a study. This will 

entail bias if the pattern of these patients’ prognoses differs between the treatment arms. In fact, it 

will undermine the randomisation. To avoid violation of the randomisation, the trial results can be 

analysed by “intention to treat analysis”, which means that the analysis compares the results of 

patients according to the groups they were originally allocated to. The term “intention-to-treat 

analysis” is inconsistently and sometimes overtly incorrectly used.10 It can refer to that some or all 

of the following randomised patient categories were included in the analysis: 1) False inclusions 

(enrolled patients not fulfilling the inclusion criteria) 2) Patients who failed to start the intervention. 

3) Deviation from randomisation due to non-compliance of the patients. However, full application 

of intention to treat analysis is possible only when complete outcome data are available for all 
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randomised subjects. Thus, a differential loss to follow-up within or between arms, remains 

problematic, because one can only guess at what happened to these patients, leading to an increased 

level of uncertainty about what the true effect of the treatment under investigation, is. Yet it is, of 

course, important that investigators honestly report such losses and discuss their potential effect. 10 

Finally, as to publication bias, Study I illustrates an example. Publication bias means that the 

scientific literature does not fairly reflect the body of research. In particular, trials with statistically 

significant results are more likely to be published 11-13 than trials with negative results. As a 

consequence, they are more likely to become identified and included in the research synthesis of 

review articles. 14 Thus, this is not a problem at the design or analysis level of the individual trial, 

but rather at the publication and subsequent research synthesis level. However, the prevention of 

publication bias or at least detection of it will be at the protocol level, in that only if trial protocols 

become publicly registered, will researchers be able to reliably detect publication bias.  

 All of these issues of bias protection measures have something to do with how to prevent 

investigators from distorting the results of their own research. Preoccupation with such matters may 

seem excessively misanthropic. However, as will be described in the background section, 

substantial empirical evidence suggests that investigators do have inclinations that tend to 

undermine the validity of their own research, although this may not be deliberate or even come to 

the attention of the investigators themselves. Regardless of whether these inclinations are caused by 

strong beliefs, or noble or questionable intentions, it is important to be aware of them and try to 

prevent their influence. 
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Background  

 

The shared background of all the three papers of this thesis is the accumulating empirical evidence 

of the importance of bias prevention. This evidence primarily concerns the following components of 

bias protection: allocation concealment, double-blinding and intention to treat analysis at the level 

of randomised controlled trials (RCTs). When the results of RCTs are to be summarised at review 

level their susceptibility to bias has to be taken into account in conjunction with the potential 

problem of publication bias. The most extensive documentation available regards the impact of 

unclear or inadequate allocation concealment in published reports of trials. Accordingly, this lack of 

reported adequate allocation concealment receives the primary attention in this thesis.  

At the planning stage of the thesis, four studies had consistently (formal test for statistical 

heterogeneity <0.10) shown that lack of reported adequate allocation concealment was associated 

with an exaggeration of the experimental treatment of approximately 30% when measured as ratio 

of odds ratios. 1 15-17. That is, the ratio of odds ratios of trials with lack of reported adequate 

allocation concealment to the odds ratios of trials with reported adequate allocation concealment 

was 0.70 (95% confidence interval 0.62 to o.80), thus on average the relative odds ratios of trials 

with lack of reported adequate allocation concealment were 30% lower (more beneficial, since the 

events were undesirable). What this corresponds to in terms of absolute reduction of risk depends 

on the baseline event rate and the magnitude of the treatment effect, but, in general, it is within the 

magnitude of the treatment effect most RCTs seek to detect 18. Thus, it is crucial to investigate 

when the results of a trial can be ascribed to a true treatment effect rather than bias. Schulz et al. 

were the first to quantify an exaggeration associated with lack of reported adequate allocation 

concealment based on meta-analyses. The merit of using meta-analyses for this purpose is that it 

allows comparisons of the treatment effects in similar trials with and without the bias protection 



 

12  

component of interest, because meta-analyses are based on the assumption that any variation in the 

interventions and conditions will not influence the treatment effect in a systematic way. Thus, the 

estimated influence of the bias protection component will not be confounded by the type of 

intervention or medical condition, provided that this assumption is not violated. Schulz et al. found 

that on average the ratio of odds ratios of trials with unclear vs. reported adequate allocation 

concealment was 0.70 (95% confidence interval 0.62 to 0.79). In this analysis other components of 

bias protection i.e. double-blinding, no exclusions of patients after randomisation, and adequate 

generation of allocation sequence, were controlled for in a logistic regression analysis. The ratio 

was determined as an statistical interaction between treatment arm (experimental vs. control) and 

status of allocation concealment, and a fixed effect within and between meta-analyses was 

assumed.1 The meta-analyses included in this study were all of RCTs in obstetrics,1 but the study 

was followed-up by Moher et. al., Kjaergard et al and Jüni et al., who found similar results in other 

specialties; the latter two studies used slightly different criteria when operationalising the definition 

of adequate allocation, other inclusion criteria for meta-analyses and different strategies for 

analysing data. Thus, the results appeared to be widely generalisable, and the sum of them was a 

ratio of odds ratios of 0.70 (95% CI: 0.62 to 0.80) when trials with lack of reported adequate 

concealment (that is, trials with inadequate and unclear allocation concealment) were compared to 

trials with reported adequate allocation concealment.17 Subsequently, additional studies were 

published 19 20. The characteristics and the implications of these studies 19 20 are outlined and 

discussed in the third paper as well as in the Discussion chapter of this overview.   

Schulz has provided a collection of personal accounts of how subversion of the random 

sequence was easily achieved when inadequate methods for allocation concealment were employed, 

for instance by altering the sequence of patients to be enrolled when an open list with the allocation 

sequence was posted on the bulletin board. Examples of subversion of measures that usually 
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provide adequate concealment, e.g. central randomisation, are also given, for instance: “ trial 

investigators related ringing the central number and asking for several assignments all at once”.21  

Hence, allocation concealment can be achieved with a certain level of assurance, but probably never 

with a 100% guarantee. 

 Although reported adequate allocation concealment seems so important for the validity of 

the trials’ results, it is not particularly frequently reported. The prevalence of unclear or inadequate 

allocation concealment ranges from 39% in recent trial publications in high impact general medical 

journals that endorse the CONSORT statement22 to a much higher prevalence in less recent 

publications in lower impact specialty journals; for instance, 93% of RCT in a dermatology journal 

from 1976 to1997 23 and 97% of RCTs published in Intensive Care Medicine from 1975 to 2000.24 

Other examples based on RCTs published more recently or published in specialty journals with an 

intermediate impact factor find a prevalence of unclear or inadequate allocation concealment 

somewhere in between. 25-30 16 31 32.  

This suboptimal reporting is targeted in the CONSORT statement (Consolidated Standards 

of Reporting Trials), which is a guideline under continuous development that seeks to help authors 

and editors to improve reporting of intervention trials. Allocation concealment is just one of the 

CONSORT group’s concerns; the CONSORT statement provides other recommendations to 

enhance accurate reporting of essential bias protection measures such as, whether and how double-

blinding or analysis by intention to treat was applied.22 It was first published in 1996,33 revised and 

accompanied by elaborations and explanations in 200134 and extended in 2004 with a focus on 

reports of harm35. Two studies have demonstrated that of endorsement of the CONSORT statement 

improves the quality of reporting on allocation concealment and other bias protection measures in 

general medical journals,22 as well as in specialty journals,36 although there is still room for 

strengthened enforcement of these recommendations. Today, 175 journals endorse CONSORT 
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(www.consort-statement.org accessed 9 March 2005). Influential editorial groups have also adopted 

it, including the International Committee of Medical Journal Editors (ICMJE, also known as the 

Vancouver group),37 the council of Science Editors (CSE), and the World Association of Medical 

Editors (WAME).38  

The impact of lack of double-blinding has been estimated in the same studies mentioned 

above 1 15-17. The pooled estimate of the impact was a ratio of odds ratios of 0.86 (95% CI: 0.74 to 

0.99). This implies that, on average, trials without double-blinding show a 14% more beneficial 

effect compared with similar trials with double-blinding on an odds ratio scale. 17 This estimate of 

14% is to be interpreted with the same precautions as detailed above for the corresponding estimate 

of the impact of lack of reported adequate concealment. The four studies each contributed with 

point estimates that were more heterogeneous than was the case when the impact of allocation 

concealment was assessed. However, there was no demonstrable statistical heterogeneity, partly 

because the two most aberrant results ROR = 1.11 15 and ROR = 0.56 16 were derived from 

relatively small samples, but also because the sensitivity of the test for heterogeneity is low 39. Lack 

of double-blinding may be associated with different size of bias depending the type of outcome 

assessed; all cause mortality will be less susceptible to ascertainment bias, whereas more subjective 

outcomes such as pain are more susceptible to bias. 5 Nevertheless, trials with lack of blinding may 

yield more conservative estimates of the effect of the experimental treatment effect, because of a 

more extensive contamination, than trials with successful blinding. Contamination occurs if patients 

assigned to what they believe is the inferior treatment, seek to compensate for this by obtaining a 

more efficient treatment e.g. from their general practitioner. 7 The studies assessing the impact of 

lack of double-blinding defined double-blinding by the following phrases:  “purported to be so 

according to the trial report”, 1 15 as “identical placebo tablets or similar”, 16 or “described as 

double-blind or assessor blind”.40 In Study I to III of this thesis, a trial is categorized as double-
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blind if described in the trial report or protocol as double-blind; or patient and provider/physician 

were said to be blinded. If the phrase “placebo-controlled” was used without any indication that the 

treatments might be distinguishable or that the care provider might have become un-blinded before 

the onset of the treatment, then this is also categorized as double-blinded. Patient and assessor 

blinding is not categorized as double-blinding.  

 Attrition bias and publication bias are relevant in Study I, but not in Study II and III. Several 

studies have attempted to estimate the influence of lack vs. presence of an intention to treat analysis, 

1 16 19 but found little evidence of an influence on apparent treatment effects. However, the methods 

employed to assess the risk of attrition bias in these studies were problematic. For instance, Schulz 

et al compared trials that reported exclusions with those that either did not report exclusions or 

reported that no exclusions had occurred. The underlying assumption that exclusions did not occur 

if they were not reported was questioned by the authors themselves, who argued that published 

information on exclusions may be of little value in assessing the risk of attrition bias.1 However, a 

recent study overcame the problem of relying on published data by using individual patient data 

meta-analyses.41 They found that on average, original analyses compared with analyses including 

all randomised patients tended to favour the experimental treatment.   

Publication bias is also associated with an overestimation of the effect the experimental 

treatment,40 42 with a combined average ratio between effect estimates derived from unpublished 

trials vs. published trials of 1.11, where a ratio above 1 indicated a less beneficial effect of the 

unpublished trials (95% CI: 1.03 to 1.18).43 That is, the results of trials that remain unpublished 

tend not to be statistically significant, and the treatment effects are also less beneficial than for 

comparable published trials. 
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Aims of the studies  

 

Prompted by the accumulating empirical evidence of the importance of bias prevention in 

randomised controlled trials and in meta-analyses, we ventured to investigate the following primary 

aims:  

• In Study I: RCTs and systematic reviews have shown conflicting results as to whether 

polycloncal immunoglobulin as adjunctive treatment of bacterial sepsis reduces mortality. 

The level of bias protection in the RCTs that contributed to the reviews was highly variable. 

We hypothesised that bias susceptibility of the individual trials and how this was dealt with 

at review level might explain the discrepant findings. Thus we aimed to determine whether, 

polycloncal immunoglobulin as adjunctive treatment of bacterial sepsis reduces mortality if 

only RCTs with a high level of bias protection are relied upon. 

• In Study II: Allocation concealment is very frequently unclear in published reports of RCTs. 

As this bias protection measure appears to be one of the most important, it is crucial to gain 

knowledge on whether and how allocation concealment can be assumed to have occurred in 

such trials. Among RCTs with unclear allocation concealment in the published trial report, 

we aimed to determine the fraction that represents unclear reports of adequate measures to 

ensure allocation concealment as judged by their protocol. 

• In Study III: On an overall average RCTs with unclear or inadequate allocation concealment 

appear to report exaggerated estimates of treatment effects. We wished to quantify how 

much this influenced clinical decision-making. To do so, we determined the percentage of 

“positive” conclusions based on a meta-analysis result that remains supported if only trials 

with reported adequate allocation concealment are included.
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M A J O R A R T I C L E

Polyclonal Immunoglobulin for Treatment
of Bacterial Sepsis: A Systematic Review

Julie Pildal and Peter C. Gøtzsche
The Nordic Cochrane Centre, Rigshospitalet, Copenhagen, Denmark

Randomized trials of adjunctive treatment of bacterial sepsis with polyclonal immunoglobulin show conflicting

results. We performed a systematic review and a meta-analysis of the results of randomized trials that compared

reductions in mortality rates in patient groups treated with polyclonal immunoglobulin versus either placebo

or no treatment in addition to conventional treatment. High-quality trials had adequate concealment of

allocation, were double-blinded and placebo-controlled, and made data available for intention-to-treat analyses.

Twenty trials were included. Meta-analysis of all trials showed a relative risk of death with immunoglobulin

treatment of 0.77 (95% confidence interval [CI], 0.68–0.88). High-quality trials (involving a total of 763 patients,

255 of whom died) showed a relative risk of 1.02 (95% CI, 0.84–1.24), whereas other trials (involving a total

of 948 patients, 292 of whom died) showed a relative risk of 0.61 (95% CI, 0.50–0.73). Because high-quality

trials failed to demonstrate a reduction in mortality, polyclonal immunoglobulin should not be used for

treatment of sepsis except in randomized clinical trials.

Randomized trials of polyclonal immunoglobulin for

treatment of sepsis have yielded conflicting results [1,

2]. Systematic reviews have also come to different con-

clusions. Alejandria et al. [1] found that polyclonal im-

munoglobulin reduced mortality substantially and sig-

nificantly among adults (relative risk [RR], 0.62; 95%

CI, 0.49–0.79), but not among neonates (RR, 0.70; 95%

CI, 0.42–1.18). A review by Ohlsson and Lacy [2] re-

ported a marginally statistically significant reduction in

mortality among neonates with suspected sepsis (RR,

0.63; 95% CI, 0.40–1.00).

At our hospital, immunoglobulin constitutes the sec-

ond largest drug cost. That expenditure may be justified

if it saves lives. Most of the evidence supporting its use

is provided by small trials (which have a large random

error) with methodological shortcomings (including

increased risk of systematic error [i.e., bias]). Thus, we
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decided to perform an independent systematic review,

with emphasis on the methodological quality of the

studies.

PATIENTS AND METHODS

Study selection and search strategy. We selected clin-

ical trials described as randomized by the investigators,

comparing reductions of mortality in any patient group

with suspected or proved sepsis or septic shock treated

with polyclonal immunoglobulin versus in those re-

ceiving placebo or no treatment in addition to con-

ventional treatment. Studies focusing solely on preven-

tion of sepsis were excluded. A free text literature search

of all records in the databases of PubMed, Embase, and

the Cochrane Library was last updated 21 January 2004.

The search strategy included bacterial infection, to al-

low identification of studies containing results derived

from subgroups with sepsis. The following groups of

terms were searched: (1) “sepsis OR septicemia OR

septicaemia OR shock-septic OR bacteriemia OR bac-

teraemia OR bacteremia,” (2) “bacterial infections OR

bacterial infection OR bacterial-infections,” (3) “im-

munoglobulin OR immunoglobulins OR antibodies OR

antibody OR polyclonal,” (4) “randomi* OR controlled
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Figure 1. Study selection flow diagram. RCT, randomized controlled trial

OR blind* OR placebo OR “controlled ? trial,” and (5) the com-

bination of the terms listed in (3), (4), and either (1) or (2).

The database-specific indexing term is one of the synonyms

in each of the first 3 search strings. No restrictions were applied.

Decisions on which of the retrieved trials to include were made

independently by the 2 reviewers. The first authors of the in-

cluded trials were asked if they were aware of any unpublished

trials. Reference lists were scanned for additional trials.

Outcomes. According to the protocol for the review, the

primary aim was to assess whether treatment with immuno-

globulin reduced total 30-day mortality in patients with sus-

pected or proved sepsis. Secondary outcomes were number of

days in hospital (if separate data for survivors and nonsurvivors

were available, because pooled data can be misleading), com-

plications to the infection, and adverse effects of immuno-

globulin treatment.

The following sensitivity analyses were planned according to

the protocol: High- versus lower-quality trials (a priori primary

subgroup analysis); sepsis due to gram-negative organisms ver-

sus sepsis due to gram-positive organisms; neonates versus non-

neonatal patients; immunocompetent versus nonimmunocom-

petent patients; underlying diseases; and albumin as placebo

versus other placebos or no placebo (because albumin has been

implied to increase mortality in seriously ill patients) [3].

Quality assessment. Trials were considered high quality

if they (1) had adequate concealment of allocation, (2) were

double-blinded and placebo controlled, and (3) applied an

intention-to-treat analysis or data were available that allowed

an intention-to-treat analysis [4]. Trials failing to meet �1 of

these criteria were considered lower quality. We restrict the use

of the term “quality” to refer to these criteria.

We considered concealment of allocation adequate if there

was central randomization; serially numbered, opaque, sealed

envelopes; sequentially numbered but otherwise identical ve-

hicles, including their contents; or other descriptions of con-

vincing concealment of allocation. Concealment was inade-

quate if there was alteration; reference to case record numbers

or date of birth; an open table of random numbers (unless the

vehicles were correspondingly numbered and the blinding im-

peccable). Unclear concealment meant that there was no de-

scription of the method or that the description did not allow

a clear distinction.

Data extraction. The 2 investigators independently ex-

tracted the data. Disagreements were rare and were the result

of simple errors. All first authors of the included trials were

contacted and asked for additional information on trial quality.

Data analysis. RRs were combined in a meta-analysis by

the Mantel-Haenszel method with use of RevMan software, ver-

sion 4.2.3 (Cochrane; available from http://www.cochrane.org)

[5]. A fixed-effect model was used, which assumes that the true

effect of the intervention is the same in all of the included trials,

differences between study results being ascribed to sampling er-

ror. Variation in study results not ascribable to sampling error

were referred to as heterogeneity. Large studies with high event

rates received the most weight in the meta-analysis. The a priori

primary hypothesis for exploring sources of heterogeneity was

the influence of methodological quality, followed by the other

sensitivity analyses.

According to the protocol, tests for heterogeneity were to be

performed with use of the method of DerSimonian and Laird

[6] and a test for interaction [7]. The former method [6] was

replaced by a more sensitive test (I2) [8] that became available

during the preparation of our article. Post hoc analyses to ex-

plore alternative explanations of heterogeneity included a ran-

dom-effects model (assuming that the true effect varies around

an overall average treatment effect) and a stepwise backward

random-effects metaregression of the logarithm of the RR on

quality, small-studies effect, age group, baseline risk, immu-

noglobulin preparation, and total dose provided within a week.
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Figure 2. Meta-analysis of relative risk of all-cause mortality comparing patients with sepsis treated with polyclonal immunoglobulin (Immunoglobulin)
with patients with receiving placebo or no additional treatment for sepsis (Control). Subtotals designate the subgroup analysis of trials of high quality
and lower quality. Bars, 95% CI; n, number of deaths; N, number of patients; RR, relative risk; Fixed, fixed-effect model. I2quantifies the percentage
of variation between study results that is not ascribable to sampling error.

The small-studies effect was present if the effect estimate varied

with smaller study size (which may occur, for example, as a

result of publication bias) [5]. Baseline risk is the underlying

risk at trial entry. Because few trial reports provided this in-

formation as baseline sepsis score, we used the control group

event rate instead (although this will tend to overestimate the

association with treatment effect, because the control group

event rate itself enters into the treatment effect estimate). High

quality was coded as 1 and lower quality as 0; small-studies effect

was modeled as the standard error of the logarithm of the RR;

age groups were defined as neonates versus nonneonates (i.e.,

adults, except for very few school-age children) and were coded

as 0 and 1, respectively; IgG preparations were coded as 1, and

IgG preparations enriched with IgM and IgA (IgGMA) were

coded as 0. The total dose was expressed as milligrams per kilo-

gram of body weight. The metaregression was performed with

use of Stata software, version 8 (StataCorp) [9, 10].

RESULTS

Description of studies. Twenty-nine trial reports were iden-

tified (figure 1) [11–39]. Eight reports were excluded for the

following reasons: no mortality data available in the subgroup

of septic patients [25, 36]; unclear whether the deaths among

septic patients occurred in the intervention or the control

group [12, 15]; fundamental design problems [32]; an inter-

im analysis of a later full trial report [17]; and duplicate

publications [28, 31].

The 21 included trials comprised 1711 patients and 547

deaths. Thirteen of the 21 corresponding authors answered our

questions (see Acknowledgments), and 4 studies [13, 24, 34,

38] were reclassified from lower quality to high quality as a

consequence of these responses. The characteristics of the trials

are shown in table 1. One large trial by Werdan et al. [34]

involved 624 patients and 239 deaths, and it provided 38% of

the weight in the meta-analysis. The mortality data from this

trial have previously only been reported qualitatively (“the 28-

day mortality was not reduced” [34]) in an abstract. However,

the authors have provided us with quantitative intention-to-

treat data, and the trial was performed according to a detailed,

published protocol, so the quality of the trial could be assessed

[40]. Seven of the trials comprised neonates [14, 19, 21, 24,

26, 29, 30], and 14 of the trials comprised nonneonates (i.e.,
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Table 2. Sensitivity analysis of the loss to follow-up in the trial by Werdan et al. [34].

Characteristic
Immunoglobulin

group
Placebo
group

Relative risk
(95% CI)

Status, no. of patients
Dead 126 113 …
Alive 195 190 …
Unknowna 14 14 …

Death rates, % (n/N)
Complete case analysis 39.3 (126/321) 37.3 (113/303) 1.05 (0.86–1.29)
Assuming all lost patients died 41.8 (140/335) 40.1 (127/317) 1.04 (0.87–1.25)
Assuming all lost patients survived 37.6 (126/335) 35.6 (113/317) 1.06 (0.86–1.29)
Extreme case, favoring immunoglobulinb 37.6 (126/335) 40.1 (127/317) 0.94 (0.77–1.14)
Extreme case, favoring placeboc 41.8 (140/335) 35.6 (113/317) 1.17 (0.97–1.42)

a Equal distribution of the loss is assumed.
b Assumes that all patients lost to follow-up in the immunoglobulin group survived and all patients lost to follow-

up in the placebo group died.
c Assumes that all patients lost to follow-up in the placebo group survived and all patients lost to follow-up in

the immunoglobulin group died.

Table 3. Exploratory stepwise backward random effects
metaregression.

Variable Coefficient Standard error P

Methodological quality 0.48 0.13 !.001
Small-studies effect �0.57 0.43 .18
Age group �0.38 0.28 .18
Immunoglobulin preparation �0.12 0.22 .59
Total dose in mg/kg �103 0.17 0.29 .53
Baseline risk �0.55 1.12 .62

NOTE. Each line states the test result for the individual covariate in the
last step, where it is included in the model along with the variables above.

adults, except for very few school-age children) [11, 13, 16, 18,

20, 22, 23, 27, 33–35, 37–39].

The methodological quality of the studies was highly var-

iable (table 1), and only 4 of the studies met all 3 quality

criteria and were categorized as high quality [13, 24, 34, 38].

Nine studies had adequate concealment of allocation [13, 21,

23, 24, 27, 29, 34, 38, 39], 8 had unclear concealment of

allocation [11, 14, 16, 18, 20, 22, 26, 35], and 4 were inad-

equately concealed [19, 30, 33, 37]. Thirteen were not double-

blinded [16, 19–22, 26, 27, 29, 30, 33, 37–39], and 7 did not

make data available for intention-to-treat analysis [11, 14, 19,

22, 23, 26, 30].

Four studies reported follow-up until death or discharge

[18, 22, 29, 33]. In 5 studies, the length of follow-up was not

available [19, 21, 23, 26, 35], and in the remaining studies,

it varied and was often imprecisely reported. Thus, we report

mortality data at the length of follow-up provided by the

authors (table 1) and did not include length of follow-up in

the metaregression.

Mortality. When data from all trials were pooled, there

appeared to be a beneficial effect of immunoglobulin treat-

ment on the RR of death of 0.77 (95% CI, 0.68–0.88; P p

). However, 23.2% of the variability between the study.0001

results could not be ascribed to sampling error (I2, 23.2%;

figure 2). When the trials were analyzed in separate subgroups

of high and lower quality, heterogeneity was no longer de-

tectable (I2, 0%). The pooled RR for the 4 high-quality trials

was 1.02 (95% CI, 0.84–1.24; ). In contrast, the 17P p .87

lower-quality trials had a pooled RR of 0.61 (95% CI, 0.50–

0.73; ) (figure 2). The difference between the esti-P ! .00001

mates from the trials of high methodological quality versus

those from the trials of lower methodological quality was

highly statistically significant ( ).P p .0002

The large study had a loss to follow-up of 4.3% of patients,

but even extreme-case scenarios in favor of immunoglobulin

treatment did not alter the finding that high-quality trials did

not show a statistically significant effect on mortality (table 2).

Loss to follow-up was not reported in other studies.

Sensitivity analyses of mortality. The results were similar

if a random-effect model was applied. The overall estimate of

RR was 0.70 (95% CI, 0.59–0.85), the RR for high-quality trials

only was 1.03 (95% CI, 0.85–1.25), and the RR for lower-quality

trials only was 0.64 (95% CI, 0.54–0 .76). Levels of heteroge-

neity were unaltered.

If the quality criteria for high-quality trials were reduced to

require that only the most important criterion of methodo-

logical quality (i.e., concealment of allocation [41]) be fulfilled,

the results would be as follows: 9 trials with adequately con-

cealed allocation (RR, 0.91; 95% CI, 0.76–1.09; I2, 40%) versus

12 trials with unclear or inadequate concealment of allocation

(RR, 0.63; 95% CI, 0.52–0.77; I2, 0%). The introduction of 40%

heterogeneity in the high-quality trial group indicates that the

lack of double blinding in the 5 reclassified trials that had

adequate concealment made an important difference.
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Most trials comprised a mixture of patients with sepsis due

to gram-negative organisms and patients with sepsis due to gram-

positive organisms, as well as immunocompetent and immu-

noincompetent patients with different underlying diseases. In

general, separate mortality data were not provided for any of

these subgroups, which precluded the planned sensitivity analy-

ses. In only 2 studies was albumin used as placebo in a concen-

tration within the range that has been suggested to increase mor-

tality [11, 38].

The strong association between study quality and the RR of

death would confound the planned subgroup analysis. Instead,

we did an exploratory stepwise backward random-effects meta-

regression (table 3). It confirmed the strong association between

study quality and effect, but it found no evidence for an as-

sociation of the effect with age groups, baseline risk, immu-

noglobulin preparation, or total immunoglobulin dose. When

the covariables were modeled alone, the only other covariable

apart from quality with a P value suggestive of an association

with the effect was the small-studies effect (Pp .032). When

both variables were included in the model, the P value for the

regression coefficient for quality was .01; it was .18 for the

small-studies effect. This reflects that many of the small studies

also had lower quality, and after controlling for the quality of

the study, the association of small study size with larger effect

estimates was no longer significant. Thus, trial quality was the

only variable that explained a statistically significant amount

of variation in the outcomes of the included trials.

Length of hospital stay. For nonsurvivors, patients in the

immunoglobulin group died 2.7 days earlier than others (95%

CI, 0.2–5.3). For survivors, there was no statistically significant

difference in length of hospital stay between groups (3.8 days,

95% CI, �2.3 to 9.9) [18, 35].

Complications and adverse effects. The information on

complications and adverse effects was too scarce to be combined

in a meta-analysis.

DISCUSSION

Major findings and possible explanations. Our most reliable

estimate of the effect of treatment with intravenous, polyvalent

immunoglobulin on mortality in patients with sepsis relied on

the 41% of the statistical information that came from the high-

quality trials designed to minimize bias. This estimate was a

RR of 1.02 (95% CI, 0.84–1.24), which is compatible with a

16% reduction in mortality as well as with a 24% increase.

The overall pooled estimate, based on all of the trials, showed

a large and significant reduction in mortality with immuno-

globulin treatment, but one-fourth of the variation between the

study results could not be ascribed to sampling error; this un-

explained variability disappeared when high-quality and lower-

quality studies were analyzed in subgroups. The difference in

the results from these subgroups is large, but it is consistent

with the expected influence of methodological quality. Trials

with inadequate or unclear concealment of allocation exagger-

ated the effect of the experimental intervention by ∼30%, on

average (when measured as a ratio of ORs) in 4 out of the 5

empirical studies of bias [41, 42]. Furthermore, the difference

is highly statistically significant, and it is the result our primary

subgroup analysis as defined a priori. Thus, it is likely to reflect

a true difference between high-quality and lower-quality trials.

This result remained robust to the metaregression that explored

whether differences in other trial characteristics (including age

group, type of immunoglobulin preparation, etc.) were better

explanations for the heterogeneity between the results of the

individual trials.

Placebo treatment to ensure blinding of patients and care pro-

viders may seem unimportant when the outcome is mortality.

However, if lack of blinding concurs with a lack of intention-

to-treat analysis or with a lack of predetermined stopping rules,

the risk of bias is obvious. Lack of intention-to-treat data may

imply that the patients who did not receive the full intervention

were not accounted for in the published report [43]. But some

patients in the intervention group may not have received full

treatment because of rapid deterioration and subsequent death,

whereas similar patients in the control group are not excluded

because no placebo intervention was required. Hence, differential

exclusions could lead to bias in favor of the intervention group.

In 7 studies, the number of patients withdrawn or excluded from

analysis was not available, and there was no statement that there

were no exclusions [11, 14, 19, 22, 23, 26, 30]. Four of these

studies did not apply placebo treatment [19, 22, 23, 26].

Lack of predetermined stopping rules increases the risk of

spurious findings because of multiple looks at the data. If there

is no blinding, the number of informal interim analyses can

be large. The trial that reported the largest statistically signif-

icant effect was unblinded and prematurely terminated, and it

stated that 12 interim analyses had been performed [27]. Pre-

determined stopping rules were not mentioned in 8 of the 11

trials without double blinding.

Two unblinded studies had predetermined goals of samples

sizes [26, 29], but the sponsoring company (Sandoz India)

withdrew support while the trials were ongoing and caused

their premature termination. In one of the studies, the sponsor

also made blinding impossible by refusing to provide identical

vials with placebo [29].

Previous systematic reviews of immunoglobulin for treat-

ment of sepsis. Alejandria et al. [1] find that polyclonal im-

munoglobulin significantly reduces mortality, both when all

studies (including those involving adults and neonates) are

pooled (RR, 0.64; 95% CI, 0.51–0.80) and when only high-

quality studies are considered (RR, 0.30; 95% CI, 0.09–0.99)

[21, 32]. The discrepancy with our findings can be explained

by their less sensitive search strategy, their less rigorous appli-
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cation of quality assessment, and their retrieval of less infor-

mation from the authors of the trials.

Ohlsson and Lacy [2] report results of trials from 2 settings.

The first addresses mortality in neonates with clinically suspected

sepsis; there is a borderline statistically significant reduction in

mortality, as mentioned above. In the other setting (neonates

with subsequently proven sepsis), they find a markedly reduced

RR of 0.55 (95% CI, 0.31–0.98). A trial with a fundamental error

in study design (in which inclusion of patients was dependent

on the effect of the treatment) is included in the second setting

[32]. If it were excluded, as in our analysis, then the combined

result would no longer be statistically significant. Ohlsson and

Lacy [2] do not present sensitivity analyses of the influence of

the quality of the trials, but they cautiously conclude that there

are insufficient data to support routine use of immunoglobulin

for treatment of sepsis in neonates.

A recent review (without a meta-analysis) mentions the neg-

ative finding of the large high-quality trial and some of the

methodological shortcomings of 6 of the smaller trials included

here [44]. What our study adds to this is the presentation of

15 additional randomized controlled trials, with more detail on

the methodological quality of these trials and a quantitative

analysis of the sum of the evidence.

Strengths and limitations of our study. Our review dem-

onstrated that the overall effect estimate of immunoglobulin

on mortality among septic patients not only hinges on the

precision provided by the largest trial, but also on the meth-

odological quality of the trials. The intermediate publication

status of the large study by Werdan et al. [34] entails some

uncertainty, because we cannot know why it has not been fully

published yet.

The classification of trials as lower quality did not indicate

that they were necessarily all of low quality. Some trials classified

as lower quality may even have been high-quality but failed to

report the measures taken to ensure this. Further, lack of guard-

ing against bias did not prove that bias occurred, just that it

may have occurred. But with different results derived from well-

guarded versus uncertainly or less well-guarded trials, we rec-

ommend trusting the former.

Combining trials that occurred in different settings and in-

volved different severities of sepsis may seem counterintuitive,

but the results of a sepsis trial are likely to be extrapolated

beyond the particular inclusion criteria. In addition, if there is

no effect of the treatment, then any trial result deviating from

no effect would be ascribable to sampling error or bias, and

then it would be legitimate to combine all trials according to

their susceptibility to bias. We explored whether there was any

evidence against this assumption in the metaregression and

found none.

The metaregression could be used to gauge whether there

were obvious alternative explanations (other than quality) for

the observed heterogeneity, but we could not exclude an effect

of immunoglobulin treatment in defined patient subgroups.

This would require large studies, such as the one currently be-

ing conducted by Brocklehurst et al. [45], who plan to include

5000 neonates.

Implications for practice. Most of the immunoglobulin

used in the United States is used off-label [46] and could be

spurred by undue emphasis on results found in subgroups of

the trials included here. However, the present review should

serve to avoid this undue emphasis. For a common condition

like sepsis, the burden of proof should be statistically and clin-

ically significant treatment effects derived from high-quality

randomized trials. Such evidence is not available, and we there-

fore suggest that polyvalent immunoglobulin for treatment of

sepsis is not recommended for clinical practice. Exceptions

could exist for rare conditions like streptococcal toxic shock

syndrome, but guidelines will have to rest on a comprehensive

analysis of the totality of the relevant data, including safety

issues such as the risk of acute renal failure [47].
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Abstract 
Objectives To compare how allocation concealment is described in publications of randomised 
clinical trials and corresponding protocols, and to estimate how often trial publications with unclear 
allocation concealment have adequate concealment according to the protocol. 
Design Cohort study of 102 sets of trial protocols and corresponding publications. 
Setting Protocols of randomised trials approved by the scientific and ethical committees for 
Copenhagen and Frederiksberg, 1994 and 1995. 
Main outcome measures Frequency of adequate, unclear, and inadequate allocation concealment 
and sequence generation in trial publications compared with protocols, and the proportion of 
protocols where methods were reported to be adequate but descriptions were unclear in the trial 
publications. 
Results 96 of the 102 trials had unclear allocation concealment according to the trial publication. 
According to the protocols, 15 of these 96 trials had adequate allocation concealment (16%, 95% 
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confidence interval 9% to 24%), 80 had unclear concealment (83%, 74% to 90%), and one had 
inadequate concealment. When retrospectively defined loose criteria for concealment were applied, 
83 of the 102 trial publications had unclear concealment. According to their protocol, 33 of these 83 
trials had adequate allocation concealment (40%, 29% to 51%), 49 had unclear concealment (59%, 
48% to 70%), and one had inadequate concealment. 
Conclusions Most randomised clinical trials have unclear allocation concealment on the basis of the 
trial publication alone. Most of these trials also have unclear allocation concealment according to 
their protocol.  
166;171 

Introduction 
Selection bias occurs in randomised clinical trials if patients with a better prognosis are 

preferentially allocated to one of the treatment arms. The results of the trial will then to some degree 

reflect this difference in prognosis rather than just a difference in the effects of the compared 

treatments. 

The purpose of randomisation is to avoid selection bias, as patients with known and unknown 

differences in prognosis will tend to be equally distributed between the treatment groups. To ensure 

true randomisation, however, the random allocation sequence should not only be sequentially and 

irreversibly administered but should also be concealed to the individuals in charge of enrolment and 

treatment allocation. Otherwise, knowledge of the upcoming allocation will permit selective 

assignment of patients by manipulation of either the sequence of treatments to be allocated or the 

sequence of patients to be enrolled.[1] 

Surveys have shown that 44% to 93% of publications of randomised controlled trials lack a clear 

description of allocation concealment.[2] Empirical studies have shown that publications of trials in 

which allocation concealment is unclear or inadequate are associated with, on average, a 20-30% 

exaggeration of the treatment effect (measured as a ratio of odds ratios) compared with trials of the 

same interventions with adequate concealment.[3-9] Generation of a truly random sequence is an 

interrelated issue for which there is suggestive empirical evidence of an associated inflation of the 

treatment effect if the trial publication does not document adequate procedures.[4-6] Both issues are 

of major concern because the effect of many treatments is less than these average biases. We 

compared how allocation concealment is described in publications of randomised clinical trials and 

corresponding protocols, and we estimated how often trial publications with unclear allocation 

concealment have adequate concealment according to the protocol. 

Methods 
Our cohort consisted of all published randomised trials (apart from trials in dentistry) whose 

protocols were approved by the scientific and ethical committees for Copenhagen and Frederiksberg 
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in 1994 and 1995. We identified trial publications by contacting the principal investigators and by 

searching PubMed, Embase, and the Cochrane Central Register of Controlled Trials (final search in 

May 2003; median publication year 1999, range 1995-2003).[10] In total, 102 protocols were 

published in 122 trial reports. When there was more than one publication of a trial, we examined all 

publications for information on allocation concealment. 

Outcomes and data extraction 
Our outcome measures were frequency of adequate, unclear, and inadequate allocation 

concealment and sequence generation in trial publications compared with protocols; the proportion 

of protocols where methods were reported to be adequate when the trial publications gave unclear 

descriptions; the type and frequency of methods used for allocation concealment; and the 

prevalence of other trial characteristics that might undermine concealment (for example, stating the 

block size in the protocol). 

Two authors extracted data from the first half of the published reports and the second half of the 

protocols while another pair of authors extracted data from the rest. Disagreements were resolved 

within each pair, thus avoiding assessment of both trial publication and protocol for the same trial. 

Assessment of adequacy of allocation concealment 
We considered the following methods for allocation concealment as adequate:[3-6] [11-13] 

central randomisation; numbered coded vehicles; opaque, sealed, and sequentially numbered 

envelopes; and other methods containing convincing means of concealment. Inadequate methods 

concerned open or predictable sequences of allocation (for example, alternation), date of birth, case 

record number or similar, and open tables of random numbers. We categorised studies as unclear 

that did not fall into one of these categories or that provided no information. 

To ensure consistency and transparency and to capture how strict application compared with 

loose application of our criteria might influence our results, we operationalised our interpretations 

of authors’ descriptions of allocation concealment (see table A on bmj.com). The strict criteria are 

those recommended for Cochrane reviews,[11] except for an elaboration on central randomisation, 

as specified in table A.[12] [13] The loose criteria, which we defined retrospectively, comprised the 

most liberal criteria used in any of the previous empirical studies of bias associated with unclear or 

inadequate allocation concealment.[3-9] For instance, in a study by Schulz et al[4] envelopes had to 

be opaque, sealed, and sequentially numbered to qualify as adequate concealment, whereas in a 

study by Kjaergard et al[6] use of sealed envelopes without further details qualified as adequate (see 

bmj.com for examples of how the criteria were applied on our sample (Box 1). 
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Assessment of adequacy of sequence generation 
Adequate methods of sequence generation included computer generated random numbers, tables 

of random numbers, or drawing lots or envelopes. Inadequate methods could be related to prognosis 

such as date of birth or year of admission. Unclear methods were methods not falling into one of 

these two categories or where the methods were not described. 

Statistical analysis 
We calculated 95% confidence intervals using the exact binomial method in Stata version 8. 

Results 
Allocation concealment 

Using the strict criteria, 96 of the 102 trials (94%, 95% confidence interval 88% to 98%) had an 

unclear allocation concealment according to their publications. According to their protocols, 15 of 

these 96 trials (16%, 9% to 24%) had adequate allocation concealment and one had inadequate 

concealment, whereas most (80 of 96; 83%, 74% to 90%) had unclear concealment (table 1[t1]). 

Table 1 -  pilj203505.t1 
Using the loose criteria, 83 of the 102 trials had unclear allocation concealment (81%, 72% to 

88%). According to the protocols, 33 of these 83 publications (40%, 29% to 51%) had adequate 

allocation concealment, one had inadequate concealment, and 49 (59%; 48% to 70%) had unclear 

concealment (see table 1). 

According to the strict criteria, 20 of the 102 studies (five publications and 19 protocols; see 

table 1) described adequate allocation concealment. When the loose criteria were applied, however, 

51 studies (18 publications and 45 protocols) described adequate concealment. 

Sequence generation 
Eighty one of the 102 trial publications gave no information on how the allocation sequence was 

generated; 16 of these 81 trials (20%; 12% to 30%) described adequate sequence generation in the 

protocol. No protocols or trial publications reported inadequate methods of sequence generation. 

Methods used for allocation concealment 
Table 2[t2] lists the methods used to achieve allocation concealment. Numbered coded vehicles 

was the most frequently applied method according to the protocols (26 of 102) but had the lowest 

rate of appearance in the trial publications (three of 26). None of the 17 trials using central 

randomisation fulfilled the strict criteria, as none described concealment of the randomisation 

sequence from the central staff, only four described irreversibility of the treatment assignment, and 

none described that prognostic data irrelevant to stratification must not be revealed to the central 

office (in three trials such data were positively requested). In 39 of the 102 trials neither the 
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protocols nor the publications provided any information on attempts to conceal the allocation. In 

four trials, the protocol and the publication gave conflicting information on which method was used. 

Table 2 -  pilj203505.t2 
Trial characteristics that might weaken an otherwise adequate allocation concealment regimen 

Block randomisation 
In 14 trials, block randomisation could partly have compromised allocation concealment because 

the block size was explicitly stated in the protocol. This is problematic since a known block size 

enables qualified guesswork to predict upcoming allocations towards the end of the block. This can 

weaken allocation concealment even in multicentre studies if they are stratified per centre and in 

double blind studies if the blinding becomes compromised—for example, because of adverse 

effects. 

Tasks that should not be carried out by the same party 
The preparation of envelopes for concealment was described in the passive tense in nine of the 

13 studies using the envelope method for allocation concealment (see table 2). Thus it is unknown 

whether the same person prepared the envelopes, enrolled the patients, and administered the 

envelopes, particularly as seven of the nine studies were single centre studies. An example of lack 

of separation of functions for central randomisation was when the same party had information on 

the prognosis of the next patient to be enrolled and was involved in concealing the sequence and in 

administering it (see bmj.com). 

Code envelopes 
In 42 of the 55 double blind studies, a security system for emergency code breaking was 

described in the protocol but mentioned in only one publication. Overall, 90% (38 of 42) of these 

protocols specified that envelopes or a similar system would be present at the clinical location. 

Deciphering the contents of such envelopes, for instance by holding them against strong light, might 

have revealed the allocation for the next patient; yet only one of the 38 protocols (3%) described the 

envelopes as opaque. Although such code envelopes are a theoretical threat to the allocation 

concealment, it is unknown whether their presence on the clinical location is associated with 

exaggerated effect estimates. Consequently, our criteria for assessment of allocation concealment 

by the means of envelopes did not include assessment of code envelopes. 

Discussion 
Most trial publications provided unclear information on allocation concealment. When we 

applied strict criteria the corresponding protocols clarified that 16% had adequate concealment 

compared with 40% when we applied loose criteria. Thus, regardless of the criteria applied, most of 
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the protocols also provided unclear information or gave rise to additional concern that the allocation 

concealment might have been compromised (for example, by disclosing the block size). A similar 

pattern of insufficient reporting was found for sequence generation. The lack of clarity in the 

protocols is consistent with, but does not prove, the notion that unclear reporting of allocation 

concealment in trial publications often reflects inadequate safeguards against selection bias.[4] 

Our results make it reasonable to assume that the empirical surveys, which show a 20-30% 

exaggeration of the treatment effect for trial publications with unclear or inadequate allocation 

concealment, included some trials with allocation concealment that was adequately carried out but 

insufficiently reported.[3-6] This implies that if inadequate concealment with ensuing selection bias 

is to explain the observed exaggeration in the previous studies,[3-6] then an even larger 

exaggeration would be expected for those trials where neither the publication nor the protocol 

indicated adequate concealment. 

Strengths and limitations of study 
The strength of our study is that it is the first account of how allocation concealment is described 

in a representative cohort of trial protocols and subsequent publications of trials. The detailed data 

extraction allowed for sensitivity analysis of the strictness of the applied criteria and for finding 

additional elements that could compromise allocation concealment. 

One limitation is that even in the cases where the protocols provided explicit descriptions of 

allocation concealment, the assumption that the trials were conducted according to the protocol, 

might not always be true.[10] However, only four of 102 trials gave conflicting information when 

the publications were compared with their protocols. Another limitation is that it is still unresolved 

as to what extent the exaggeration associated with unclear allocation concealment in trial 

publications can be explained by inadequate concealment and ensuing selection bias, as opposed to 

unclear concealment being a marker of other sources of bias.[4] 

Relation of our findings to those of other studies 
Our strict criteria might have been too stringent, and four related studies used criteria with a 

stringency somewhere between our strict and loose criteria.[14] [15] [17] [18] 

Three studies indicated that trial publications with unclear allocation concealment reflect poor 

reporting of adequate methods, rather than poor methods.[14] [15] [17] 

In a retrospective questionnaire survey of investigators by Hill et al, 78% of 32 trials with 

unclear allocation concealment in trial publications were adequately concealed according to the 

primary investigators.[14] The finding, however, centred on a small sample, on the reliability and 
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memory of the investigators, and on assumptions of what the 20% of non-responders would have 

replied. 

Devereaux et al. found that 54 of 56 trials with unclear allocation concealment in the trial 

publication were adequately concealed according to a pre-announced telephone interview of the 

investigators.[15] These trials were published in journals with higher impact factors than ours and 

might be of higher methodological quality. Or maybe some of the protocols in our cohort failed to 

adequately to detail all the bias-protection procedures to be adopted. Devereaux et al. argue that 

since investigators were willing to report lack of blinding of some parties, they would probably 

answer reliably regarding lack of allocation concealment. However, while lack of blinding may be a 

question of feasibility, lack of allocation concealment is inexcusable and hence potentially less 

likely to be admitted. The reliability of surveyed trial investigators has previously been reported on 

in two surveys where 86% (42/49) and 80% (28/35) of investigators denied the existence of 

unreported outcomes, although there was evidence to the contrary in their study protocols. [10] [16] 

Another survey was done on trials carried out within the framework of the Radiation Therapy 

Oncology Group, where all trial protocols undergo a rigorous six step peer review process.[17] 

Although all studies had adequate allocation concealment (central randomisation) only 42% 

reported adequate concealment in the trial publication. However, as the authors pointed out, their 

result has limited generalisability since few trial protocols undergo such rigorous peer review and, 

as documented in our broad cohort, central randomisation is not the most commonly used method 

across medical specialties. 

Finally, Liberati et al[18] reported results similar to ours; among 47 trials with unclear allocation 

concealment in the publications, 11 (23%) used adequate randomisation methods (defined as central 

randomisation) according to a subsequent telephone interview of all but one investigator. The 

discrepancy with the findings of Hill et al and Devereaux et al might reflect the difference in 

response rate, criteria for adequate concealment, recentness of the included trials, or the strategies 

for contacting and phrasing the questions to the investigators. 

Implications for clinicians and policy makers 
It is prudent to assume that a notable fraction of the overestimation of the treatment effect 

associated with unclear allocation concealment is caused by selection bias. This fraction can be 

reduced through several mechanisms. Journals should endorse and enforce the consolidated 

standards of reporting trials statement (www.consort-statement.org), which recommends explicit 

description of the allocation procedures in publications of trials, and the gatekeepers who sanction 
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protocols for funding and approval should demand that adequate methods are described in protocols 

and implemented in trials. Furthermore, our study adds to the argument that protocols should be 

made publicly available,[10] [19] [20] because public access would increase the reliability of 

critical appraisal of the fraction of trials where the protocol does describe methods for allocation 

concealment. Such access would most likely require international legislation and implementation by 

drug regulatory authorities for trials on pharmaceutical interventions, and research ethics 

committees for trials on non-pharmaceutical interventions. Both necessitates appropriate investment 

because these institutions are already pressured to review too much, too quickly.[21] [22] 

 

What is already known on this topic 
In most trial publications, allocation concealment is unclear or inadequate 
Unclear or inadequate concealment in publications is associated with an exaggeration of the 
treatment effect by 20-30%, on average 
What this study adds 
Most often allocation concealment is also unclear in the protocol 
Gatekeepers who sanction protocols should require that adequate methods of allocation 
concealment be described and used 
Protocols should be publicly accessible to enhance critical appraisal of trials 
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Box 1. Examples from our cohort of how we assessed allocation concealment for the three most 

common methods.  

1. Central randomisation 

In an open trial clinicians contacted the central randomisation office to obtain the treatment 

allocation of the next patient. The clinicians provided more information on the patient’s prognosis 

than necessary for stratification. Comment: We had no guarantee that the central staff person did not 

use this additional information to alter an unconcealed allocation sequence to “help” the trial to 

show the desired result; unclear by the strict criteria, adequate by the loose. 

2. Numbered coded vehicles   

A study used numbered coded vehicles containing treatment and control treatment in random order, 

but there was no information on whether the numbering or administration of the vehicles was 

sequential. Comment: Here the numbers could have been a random sequence of two numbers i.e. 

22212111, meaning that if the blinding was broken for just one patient it would be broken for all. 

Or if there was no demand for sequential delivery of them to the patients, then known or 

decipherable block sizes or security envelopes could allow for informed adjustment of the sequence 

of their delivery; unclear by the strict criteria, adequate by the loose. 

3. Envelope method   

An open trial used sealed envelopes to allocate patients to each group. Comment: No information on 

whether the envelopes were transparent if held up against strong light allowing selection of the next 

patient to be enrolled to have a prognosis that would make the preferred treatment appear superior; 

or if the sequence of patients was difficult to alter, then to change the sequence of envelopes, as 

these were not described as pre-numbered; unclear by the strict criteria; but adequate by the loose. 
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Table 1. Comparison of adequacy of allocation concealment as described in pairs of protocols and 

corresponding trial publications in the 102 trials according to strict (top half) and loose criteria 

(bottom half). 

 

 

 

 

 
 
 
 

Protocols  

Adequate Unclear Inadequate Total 

Adequate 4 1  0  5 

Unclear 15 80 1 96 

Inadequate 0 0 1   1 

 

Trial publications 

 

 Total 19 81  2 102 

 
Protocols 
 
Adequate Unclear Inadequate Total 

Adequate 12  6  0  18 

Unclear  33  49 1  83 

Inadequate   0 0 1    1 

 

Trial publications 

Total 45 55 2 102 
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Table 2. Allocation concealment methods in pairs of protocols and corresponding trial publications 
 

Protocols   
 
 
 
 

Centralized Envelopes Numbered 
coded 
vehicles 

Other Type of 
method 
uncertain 

No 
information 
available 

Total 

Centralized 3   1   2 6 

Envelopes  7 1   1 9 

Numbered 
coded vehicles 

  3  1  4 

Other  1 1   1 3 

Type of 
method 
uncertain 

 1 3   1 5 

No 
information 
available 

11 2 17  6 39 75 

 
 
 
 
Trial 
Publications 

Total 14 11 26  7 44 102 

 



 

40  

Study III 

 

Impact of allocation concealment on conclusions drawn from meta-analyses of 

randomised trials 
 

Pildal, J (MD)1, Hróbjartsson, A (MD, Ph.D)1, Jørgensen KJ (MD)1: Hilden J (MD)2, Altman DG 

(DSc)2, Gøtzsche PC (MD, DMSc)1:   

1 The Nordic Cochrane Centre, Rigshospitalet, DK, 2 Department of Biostatistics, University of 

Copenhagen, DK. 3 Centre for Statistics in Medicine, Oxford, UK. 

 

 

 

Keywords: allocation concealment, bias, methodological quality, bias protection, randomised 

controlled trials, meta-analysis. 

 

 

Corresponding author  

Julie Pildal, MD 

The Nordic Cochrane Centre, H:S Rigshospitalet, Dept. 7112 

Blegdamsvej 9, DK-2100 København Ø, Denmark 

jpl@dadlnet.dk  

    
Word count: 3.416 

 

 



 

41  

 
Abstract 

 

Aim Among conclusions holding an intervention preference, we estimated the percentage that 

remains supported when only trials with adequate allocation concealment are maintained in the 

analysis. 

Material Random sample of 38 reviews from PubMed accessed in 2002 and 32 reviews from The 

Cochrane Library 2003, issue 2. Eligible reviews presented a binary effect estimate from a meta-

analysis of randomised controlled trials (RCTs) as the first statistically significant result quoted in 

support of the conclusion.  

Methods The methods sections of the RCTs of each included meta-analysis were assessed for 

adequacy of allocation concealment blinded to the results section. We replicated each meta-analysis 

using the authors’ method of meta-analysis except that we only included those trials that had 

adequate allocation concealment. Conclusions were defined as insufficiently supported if our result 

was no longer statistically significant.  

Results Thirty-four meta-analyses contained a mixture of trials with unclear or inadequate 

allocation concealment as well as trials with adequate allocation concealment, whereas four 

exclusively contained trials with adequate concealment, and 32 meta-analyses exclusively contained 

trials with lack of adequate concealment. The reduced sample of RCTs with adequate allocation 

concealment comprised 51% of the patients in all included meta-analyses. Twenty-two of the 70 

reviews’ conclusions (31% (95% CI: 21% to 44%)) remained supported. This reflected loss of 

power as well as a shift in the point estimate towards a less beneficial effect. 

Conclusion Two-thirds of conclusions holding an intervention preference based on a meta-analysis 

are no longer supported if only trials with adequate allocation concealment are considered.  
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Introduction 

 

Concealment of treatment allocation is one of the most important safeguards against bias in 

randomised controlled trials. It means that persons who recruit patients must be unaware of which 

group the next patient will be allocated to, if enrolled. Otherwise that person might channel patients 

with a better prognosis into his or her preferred treatment. Empirical studies show that the effects of 

the experimental interventions are exaggerated by approximately 20% on average when measured 

on the odds ratios scale, if allocation concealment is unclear or inadequate.1-6 That is, the ratio of 

odds ratios of trials with unclear or inadequate allocation concealment to the odds ratios of trials 

with adequate allocation concealment, abbr. ROR, is around 0.80; thus on average, the odds ratios 

of trials with unclear or inadequate adequate allocation concealment drop by 20% of their value, 

suggesting fewer undesirable clinical events on the experimental regimen. What this corresponds to 

in terms of absolute reduction of risk depends on the baseline event rate and the magnitude of the 

treatment effect, but in general it is within the magnitude of the treatment effect most RCTs seek to 

detect.7 It is therefore of interest to estimate what fraction of our health care interventions can be 

relied upon to convey a true effect as opposed to the fraction where the effect is uncertain, since the 

interventions were introduced based on potentially biased trials. Here we aimed to explore the 

prevalence and consequence of failure to consider concealment of allocation in reviews. Parallel 

investigations of another component of protection against bias, viz. double blinding, will also be 

reported.   
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Material and methods 

 

Primary outcome: The percentage of reviews where the conclusions were no longer supported if 

only trials with adequate allocation concealment were included. A sensitivity analysis was planned 

to estimate the percentage of reviews where the conclusions were no longer supported if the 

estimates from trials with unclear or inadequate allocation were adjusted and weighted according to 

the expected size, direction and variance of bias. 

Secondary outcome:  A pooled estimate of the ratio of the treatment effect estimates from trials with 

unclear or inadequate allocation concealment compared with those from trials with adequate 

allocation concealment in the included meta-analyses.  

 

Identification and selection of reviews 

We aimed to retrieve 70 reviews; half from the Cochrane Library and half from PubMed 

(hereinafter referred to as Cochrane reviews and PubMed reviews). The first samples to pass all 

four steps of the selection process as outlined in Fig. 1.a and 1.b were too small; hence, the sample 

of 181 Cochrane reviews and 128 PubMed reviews reflect our best guess at the necessary number 

needed to be sifted in an additional round of selection. Thirty-eight Cochrane reviews and 32 

PubMed reviews were included. 

 

Step 1: Identifying samples of reviews to be assessed  

PubMed and Cochrane reviews were identified by the following search strategies. The PubMed 

database was searched for the years 2001 and 2002:  

 

#1 randomi* OR controlled OR blind* OR placebo OR "controlled ? trial" 
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#2 meta-analysis OR metaanalysis Field: All Fields, Limits: Meta-Analysis 

#3 #1 AND #2 

The first 128 matches in the order of date of publication were assessed for eligibility. 

The Cochrane Library: An IT specialist not otherwise involved in the project identified all 

reviews containing at least one meta-analysis with a binary outcome in Cochrane Library 2003, 

issue 2 and numbered them randomly. The first 181 reviews were assessed for eligibility in the 

assigned random order.  

 

Steps 2-4: Applying selection criteria for reviews and meta-analyses 

Meta-analyses of randomized trials of prophylactic or therapeutic interventions were eligible. Only 

one meta-analysis from each review was included and was identified as follows: a) The first 

statistically significant meta-analysis result presented in the results section of the abstract identified 

the potentially eligible meta-analysis.  b) If this analysis concerned a binary outcome and was 

supported by a preference stated in the conclusion then it was included. Otherwise the review was 

excluded. Other exclusion criteria were: 

 

• Substantial uncertainty concerning what the authors of the review perceived as experimental 

and conventional treatment  

• More than 40 trials in the index-analysis 

• Arithmetical average (instead of a weighted average of test statistics) 

• The abstract of the review explicitly stated that it was partly based on non-randomized trials 

 

Steps 3 and 4 involved some subjective judgement and were therefore carried out independently and 

in duplicate by two authors; disagreements led to exclusion.   
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Retrieval of trials  

All trials of the included meta-analyses were retrieved. If the authors of a review referred to several 

reports of one trial, then all these reports were retrieved and formed the basis of the assessment of 

allocation concealment. If the methods section in a trial report referred to another report for further 

details, then this was also obtained. 

 

Assessment of adequacy of allocation concealment and double-blinding 

A student not otherwise involved in the project copied the methods sections of the RCTs of the 

included meta-analyses. Hence, pairs of authors assessed the two bias protection components, 

adequacy of concealment of allocation and double blinding, independently, in duplicate, and 

blinded to the results sections. Allocation concealment was assessed according to the same criteria 

as those employed by Schulz et al.1:   

Trials with adequate concealment employed central randomisation including pharmacy-

controlled randomisation (where a pharmacy remote from the clinical ward allocates the treatment); 

numbered or coded bottles or containers; serially numbered, opaque, sealed envelopes; or the 

trialists presented other descriptions that implied convincing concealment. Methods were deemed to 

provide inadequate concealment if it was obvious to which treatment the next patient would be 

allocated if enrolled; for instance alternation; reference to case record numbers or to dates of birth. 

Trials with unclear concealment did not report an allocation concealment approach at all or reported 

an approach that did not fall into one of the above categories.   

Trials were categorized as double-blind if described as double-blind; or “patient and 

provider” blinded. Trials reported to be “placebo-controlled” without any indication that the 

treatments might be distinguishable or that any investigators might have become un-blinded before 



 

46  

the onset of the treatment were also categorized as double-blinded. “Patient and assessor”-blinding 

was not categorized double-blinded.  

 
Extraction of 2 x 2 data for each meta-analysis 

The 2 x 2 data of the trials in the individual meta-analyses were reported in all Cochrane reviews 

and in a minority of the PubMed reviews. When lacking in the review, data were sought in the trial 

publications instead. However, the methods sections in nine reviews were not detailed enough to 

allow unequivocal identification of the exact numbers that had been entered into the meta-analysis.8-

15 In those cases the authors of the reviews were contacted. If they supplied the data, we used the 

data for the re-analysis using the authors’ method of meta-analysis.13 Otherwise the point estimate 

and its standard error were extracted from the meta-analyses and a generic inverse variance analysis 

was used instead (here “generic” designates that it is not one of the more specific types of meta-

analyses such as Peto’s odds ratio method). 16 In one case neither was possible; the authors were 

willing to provide the data, but no longer had access to them, and the company (Novartis), which 

had provided the data and sponsored the trial, declined our request for the data, and it was not 

possible to replicate the meta-analysis.12 Since this meta-analysis exclusively comprised trials with 

unclear or inadequate allocation concealment, it contributed to our primary outcome but not to the 

secondary. 

 

Data analysis and statistics 

First we checked whether we could replicate the meta-analyses using the review authors’ method of 

analysis while retaining all trials in the analysis. The summary statistics in the included meta-

analyses were odds ratio, relative risk, risk difference and hazard ratio; and a range of different 

methods for meta-analysis was applied. When a generic inverse variance analysis had to be 

employed instead, we used a fixed effect or random effects model depending on what was closest to 
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the original method. We did not correct any errors of analysis but replicated the original meta-

analyses as performed by the review authors, because we wished to isolate the impact of insisting 

on reported adequate allocation concealment in a representative sample of meta-analyses. The term 

“reported adequate allocation concealment” is sometimes used in following text, because the 

absence vs. presence of it denotes unclear or inadequate vs. adequate allocation concealment, 

whereas “absence” vs. “presence of adequate concealment” would signify inadequate vs. adequate 

allocation concealment. 

For the primary outcome, we redid each meta-analysis using the review authors’ method of 

analysis when possible, but included only those trials that had reported adequate allocation 

concealment. Conclusions were considered insufficiently supported by the data if our estimates 

were not statistically significant at a two-sided 5% significance level.  

For the secondary outcome, we used an approach described by Sterne et al.17 Briefly, we 

estimated the ROR comparing trials with absence vs. presence of reported adequate bias protection 

by performing a random effects meta-regression analysis on each meta-analysis. To ensure 

consistency, we re-calculated the effect estimates where necessary, so that all results were 

expressed as undesirable events (e.g. presence of symptoms, not absence of symptoms). The odds in 

the numerator of the odds ratio of each trial were the experimental treatment. These ROR estimates 

were then combined in a random effects generic inverse variance meta-analysis. This entailed that 

reviews where the 2 x 2 data could not be obtained, or where all trials either lacked or reported 

adequate bias protection (concealment or blinding, as the case may be), did not contribute to the 

analysis. 
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Results 

 

Characteristics of included meta-analyses 

The selection process for Cochrane reviews and PubMed reviews is outlined in Fig 1.a and 1.b, 

respectively. The most noticeable difference between Cochrane and PubMed reviews was the larger 

fraction of Cochrane reviews excluded because no preference was stated in the conclusion: 59/109 

(54%; CI: 44% to 64%) vs. 20/73 (27%; 17% to 39%) in PubMed reviews. Thirty-eight Cochrane 

reviews were included and comprised a total of 202 trials and a median of 4 trials in each meta-

analysis (10-90 percentile: 2-12).18-55 The 32 included PubMed reviews comprised 297 trials with a 

median of 7 trials included in each meta-analysis (10-90 percentiles: 4-17).56-87Three trials appeared 

in 2 reviews based on 6 and 17 trials respectively. As the overlap was small and the reviews 

addressed different outcomes none of them were excluded.  

The sample size (number of patients) was reduced by 48.6% when trials with unclear or 

inadequate allocation concealment were excluded. The distribution of trials with adequate, unclear, 

inadequate and no randomisation are given in Table 1. Although all reviews purportedly included 

randomised trials only, our re-assessments revealed that seven studies were not randomised. 

However, as this is a pragmatic study the reviews containing these trials were not excluded, and the 

few non-randomised trials were treated in the analyses as having inadequate allocation 

concealment. The meta-analyses were reproduced exactly everywhere, or to within 

one or two rounding units (0.01 when an odds ratio scale was used); there were 2 exceptions but 

even here the discrepancy was never > a tenth of the associated standard error, which in turn 

seemed everywhere correctly calculated. The co-occurrence of allocation concealment with double-

blinding is outlined in Table 2.  
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Impact of insisting on reported adequate allocation concealment 

In total, 34 meta-analyses comprised a mixture of trials with and without reported adequate 

allocation concealment, whereas 32 meta-analyses exclusively contained trials with 

unclear/inadequate concealment, and the last 4 meta-analyses exclusively contained trials with 

adequate concealment. Overall, 22 of the 70 reviews’ conclusions remained supported when only 

trials with adequate concealment were included, i.e., 31% (95% CI: 21% to 44%); 14 of 38 (37%) 

conclusions in Cochrane reviews, and 8 of 32 (25%) in PubMed reviews remained supported. 

 

Magnitude of overestimation of treatment benefit  

The pooled estimate of the ratio of the treatment effect estimates from trials with unclear or 

inadequate allocation concealment compared with those from trials with adequate allocation 

concealment in the included meta-analyses was a ratio of odds ratios (ROR) of 0.92 (95% CI:  0.82 

to 1.03) (Fig. 2). The corresponding ROR of trials without double-blinding compared to those with 

double-blinding was similar: ROR 0.93 (95% CI:  0.80 to 1.09). Hence, there was a trend towards a 

seemingly more beneficial effect of the experimental treatment in the trials without allocation 

concealment. But absence of adequate bias protection was not statistically significantly associated 

with an overall inflation of the effect of the experimental treatment for any of the two components. 

We explored how our result adds to the current evidence of the impact of lack of reported 

allocation concealment on treatment effect estimates. This was done in a random effects generic 

inverse variance meta-analysis of our result and those of other similar studies 1-6. The overall 

estimate was a ROR of 0.82 (0.72 to 0.93), implying a relative overestimation of the treatment 

effect of 18% in trials without reported allocation concealment. However, the level of heterogeneity 

was highly statistically significant (Fig. 3), and we consequently abstained from the planned 

sensitivity analysis of the primary outcome.  
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Discussion 

 

Major findings 

Two-thirds of the review conclusions stating a preference were no longer supported if only trials 

with adequate allocation concealment were included. The loss of support is partly due to loss of 

statistical power since the excluded trials comprised approximately half of all the patients, and 

partly due to the tendency for estimates of treatment effects derived from trials reporting adequate 

concealment to be less beneficial than those of the excluded trials.  

 

Strengths and limitations of this study 

We aimed to achieve consistent and valid assessments of the bias protection components by 

retrieving all the original trial publications and re-assessing the adequacy of these components in 

independent duplication blinded to the results sections.  

Our finding, that most conclusions are no longer supported if only trials with adequate 

allocation concealment are relied upon, could have limited generalisability. This would be the case 

if meta-analyses were not representative of the evidence that support current health care 

interventions. Meta-analyses are often performed when a clinical question has not been 

satisfactorily answered in a single large trial, and as large trials may tend to have adequate 

allocation concealment, a fraction of current interventions will be derived from a single large trial 

with a high level of bias protection. However, that fraction is probably small since most RCTs have 

low statistical power and a level of bias protection comparable to those included in the meta-

analyses of the present study,88-91.  

We pragmatically chose the 5% significance level as a cut-off point for when a conclusion 

was to be considered supported by the evidence. In practice, one will no doubt encounter exceptions 
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where a higher p-value would be sufficient to support a preference. Conversely, there are reviews in 

which the conclusions we analyzed were based on other findings than the primary outcome (i.e., the 

first statistically significant meta-analysis result presented in the results section of the abstract in 

support of the reviewer’s conclusion was not the authors’ primary outcome). When this situation 

arises, it may be appropriate to require a smaller p-value in order to allay concerns about multiple 

testing.  

The estimated impact of lack of reported adequate bias protection on the overall effect 

estimates was protected against confounding by disease area and type of intervention because it was 

based on meta-analyses. But other confounders may have been important; for instance, the two bias 

protection components might well have been mutual confounders. We found that trials with 

adequate allocation concealment were more often also double-blinded than trials with unclear or 

inadequate allocation concealment (Table 2). Furthermore, a statistical interaction between 

allocation concealment and double-blinding may exist. However, the meta-analyses were too few 

and too small to permit exploration of these possibilities. 

 

Relation of our finding to those of other studies  

The proportion of interventions in internal medicine supported by RCTs has previously been 

estimated.92 Our study adds what fraction of these RCT-supported interventions remains supported 

if reported adequate allocation concealment is required, and to our knowledge it is the first to do so. 

That only 31% of conclusions remained supported is consistent with the high prevalence of trial 

reports with unclear or inadequate allocation concealment.93 But this does not imply that our result 

was predictable; especially since review authors might have been more cautious when drawing 

conclusions based on trials with an uncertain or high level of bias susceptibility. 
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Our estimate of the impact of unclear or inadequate allocation concealment was less than 

what we had expected. Our finding of a ROR of 0.92 when trials with absence vs. presence of 

reported adequate allocation concealment were compared was not statistically significant and it was 

closer to 1 than any of the corresponding estimates reported in the first four similar studies. 1-4 A 

fifth study, by Balk et al,5 found a ROR of 0.95 (0.83 to 1.09) (to facilitate comparisons all RORs in 

the present paper are re-expressed so that the denominator represents trials with adequate  bias 

protection). However, the latter result was questioned because one of the inclusion criteria was 

statistically significant heterogeneity between the estimated treatments effect reported in the trials 

of each meta-analyses,94 which would probably introduce too much noise to allow detection of the 

full effect of lack of reported adequate concealment. While this might be true for the Balk study, it 

does not apply to our study or to a sixth study, which found a ROR of 1.02 (0.90 to 1.16).6 A test 

for statistical heterogeneity between these first four studies was not statistically significant (p = 

0.13),1-4 but when all the studies mentioned above, including our own, were pooled in a generic 

inverse variance meta-analysis, the test for heterogeneity was highly significant ( < 0.00001) (Fig. 

3). Several explanations of this heterogeneity could be offered. Firstly, confounders may have 

differentially influenced the results of the studies. Other confounders could have had a differential 

impact in the individual studies. For instance, the individual bias protection components might have 

been correlated to each other to a different extent in the different studies. Whether (and how) this 

was taken into account by the authors of the individual studies varied. Secondly, the apparent 

impact of absence of a bias protection component might differ according to subgroups, which might 

be differentially represented in the different meta-epidemiological studies. For example, the impact 

of unclear allocation concealment might be less in a cohort where drug trials with double-blinding 

comprise a large subgroup, because an adequate method for allocation concealment (numbered 

coded vehicles) is very frequently employed in these trials, but often not explicitly described in the 
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trial report.95 Thirdly, the studies used slightly different criteria for adequate allocation concealment 

and different strategies for statistical analysis.  

  

Implications for research, clinicians and policy makers 

The majority of “positive” conclusions drawn from meta-analyses would be disregarded if trials 

with unclear or inadequate allocation concealment were excluded. This may seem too radical, 

especially since the bias associated with these trials appears to be smaller and less consistent than 

previously thought. Nevertheless, results of meta-analyses should always be accompanied by 

sensitivity analyses presenting the results with and without the trials with unclear or inadequate bias 

protection components. While such sensitivity analyses will inform the reader, a decision has to be 

made on whether or not the investigated intervention should be implemented. Currently, we do not 

know enough about the size and direction of different types bias under different circumstances to 

satisfactorily guide this decision. Thus, most importantly bias and uncertainty regarding the risk of 

bias should be prevented. This could be achieved in several ways: firstly, the gatekeepers of trials 

protocols (primarily drug-regulatory authorities and science ethics committees) should insist on 

description and ensure implementation of adequate methods to guard against bias. Secondly, trial 

protocols should be publicly available to facilitate critical appraisal of trials; and thirdly, the 

CONSORT statement, which requires explicit and appropriate reporting on bias protection 

components, should be broadly enforced.  

However, we also need guidance as to how to interpret the vast majority of the available 

evidence for clinical interventions where the level of bias protection is unclear. The reasons for the 

heterogeneity between the studies of the impact of unclear bias protection have to be unravelled to 

inform such interpretation. Collaboration has been established to provide reassessment and pooling 

of raw data from the studies and to conduct further studies on new material.  
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Tables 
 

Table 1 Distribution of number of trials according to our assessment of the adequacy of allocation 

concealment 

 

 Trials in Cochrane reviews  

n = 202 (%) 

Trials in PubMed reviews  

n = 297 (%) 

All trials  

n = 499 (%) 

Adequate  51 (25) 31 (10) 82 (16) 

Unclear  129 (64) 250 (84) 379 (76) 

Inadequate  19 (9) 12 (4) 31 (6) 

Not randomised 3 (1) 4 (1) 7 (1) 

 

 

 

Table 2 Number of double-blinded trials related to the level of allocation concealment. N = number 

of trials 

 

 Adequate concealment 

n = 82 (%) 

Unclear concealment 

n = 379 (%) 

Inadequate concealment 

n = 38 (%) 

Double-blinding  56 (68) 119 (31) 3 (8) 
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Figures 
 
Figure 1.a Flowchart for selection of Cochrane reviews 
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- No binary outcome or 
- No meta-analysis 
N = 740 

856 randomly numbered reviews. 
First 181 abstracts assessed for 
eligibility 

Review abstracts for double 
independent assessment 
N=109 

- No preference stated in 
conclusion N=59 

Full text reviews for double independent 
assessment N=50 

- No distinction between conventional 
vs. experimental (2) or 
- >40 RCTs included (1)  
N=3 

Included reviews N=38

- Result in abstract do not correspond 
to meta-analysis (1) or 
- Meta-analysis not supported by the 
conclusion (3) or 
- Meta-analysis not binary (1) or 
- Analysis refers to a single trial (2) or 
- Meta-analysis unidentifiable (1) or 
- Large overlap included with a more 
recent included Cochrane review (1)  
N =9 

- Not intervention (1) or 
- No statistically significant results (37) or 
- First statistically significant result:  
      not binary (25) 
      not identifiable (3) 
      not supported by the conclusion (2) 
      refers to a single trial (4)  
N=72 
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Figure 1.b Flowchart for selection of PubMed reviews 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Step 1+2 
 
 
 
 
 
 
 
 
 
    Step 3 
  
 
 
 
 
 
 
 
 
    Step 4 
 
 
 
 
 
 
 
 
 

PubMed references indexed as meta-analyses 2001-2002: N=503  

The 128 most recent review abstracts were 
assessed for eligibility 

First exclusion criterion noted to be met 
 in abstract: 
- Does not contain a meta-analysis (4) or 
- Not intervention (9)  
- No statistically significant results (18)  
- Index analysis not binary (22)  
- Review published in Cochrane Library (1)  
- No abstract = (1) 
 N=55

Review abstracts for double  
independent assessment  
N=73 

 
- No preference stated in 
conclusion.  N=20

Full text reviews for double independent 
assessment N=53

- Disagreement on what was conventional vs. 
experimental respectively  (2) or 
- >40 RCTs included (2)**  
- Arithmetical average (1) 
- Includes non-randomised trials (5)** 
- Impossible to retrieve composite outcome data (1) 
N=10 
** One review failed both criteria 

Included reviews N=32

 

 

Exclusions based on full text assessment: 
- No meta-analysis (4)  
- Index analysis not binary (7) 
N=11 
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Figure 2 Impact of lack of allocation concealment: meta-analysis of ratio of odds ratios of absence 

vs. presence of reported allocation concealment in trials of 29 meta-analyses  

 

Study  Ratio of odds ratios (random)  Weight  Ratio of odds ratios (random)
or sub-category  log[Ratio of odds ratios] (SE)  95% CI  %  95% CI

Cochrane King [27]     0.6955 (0.4390)   1.72     2.00 [0.85, 4.74]      
Cochrane Rowe [31]     0.0617 (0.5156)   1.25     1.06 [0.39, 2.92]      
Cochrane Wilki. [42]   -0.1404 (0.2110)   7.46     0.87 [0.57, 1.31]      
Cochrane Farqu. [36]    1.0651 (1.5953)   0.13     2.90 [0.13, 66.14]     
Cochrane Carro. [53]    0.1920 (1.0427)   0.31     1.21 [0.16, 9.35]      
Cochrane Jolli. [34]    0.2073 (0.3839)   2.25     1.23 [0.58, 2.61]      
Cochrane Filip. [29]   -0.9732 (0.5922)   0.95     0.38 [0.12, 1.21]      
Cochrane Soare. [18]   -0.2293 (0.6060)   0.90     0.80 [0.24, 2.61]      
Cochrane Brock. [97]   -0.5959 (0.3585)   2.58     0.55 [0.27, 1.11]      
Cochrane Liber. [20]   -0.2886 (0.5147)   1.25     0.75 [0.27, 2.05]      
Cochrane Fouqu. [40]    0.0215 (0.3467)   2.76     1.02 [0.52, 2.02]      
Cochrane Askie [46]   -0.5680 (0.8775)   0.43     0.57 [0.10, 3.16]      
Cochrane White. [43]   -0.1655 (0.6448)   0.80     0.85 [0.24, 3.00]      
Cochrane Marsh. [26]    0.2075 (0.4824)   1.43     1.23 [0.48, 3.17]      
Cochrane Jette [51]    0.4156 (0.4368)   1.74     1.52 [0.64, 3.57]      
Cochrane Wong [28]     0.2754 (0.5396)   1.14     1.32 [0.46, 3.79]      
PubMed Bark [72]       0.0253 (0.8860)   0.42     1.03 [0.18, 5.82]      
PubMed Bow [76]        0.0420 (0.6474)   0.79     1.04 [0.29, 3.71]      
PubMed Chang [70]     -1.1255 (1.1136)   0.27     0.32 [0.04, 2.88]      
Pubmed Cranney [8]    -0.0751 (0.2337)   6.08     0.93 [0.59, 1.47]      
PubMed Edmonds [74]    0.1481 (0.7474)   0.59     1.16 [0.27, 5.02]      
PubMed Newby [81]     -0.0042 (0.1567)  13.53     1.00 [0.73, 1.35]      
PubMed Papadimi.[13]   -1.8259 (0.5890)   0.96     0.16 [0.05, 0.51]      
PubMed Roffi [65]     -0.1083 (0.1096)  27.65     0.90 [0.72, 1.11]      
PubMed Sylve. [58]     0.1067 (0.2161)   7.11     1.11 [0.73, 1.70]      
PubMed Weisman [59]   -0.2237 (0.1969)   8.57     0.80 [0.54, 1.18]      
PubMed Berghma. [85]   -0.1013 (0.2632)   4.79     0.90 [0.54, 1.51]      
PubMed Singer [83]    -0.5358 (2.1637)   0.07     0.59 [0.01, 40.65]     
PubMed Turpie [84]    -0.2237 (0.4020)   2.06     0.80 [0.36, 1.76]      

Total (95% CI) 100.00     0.92 [0.82, 1.03]
Test for heterogeneity: Chi² = 23.04, df = 28 (P = 0.73), I² = 0%
Test for overall effect: Z = 1.51 (P = 0.13)

 0.1  0.2  0.5  1  2  5  10
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Figure 3 Meta-analysis of the studies of the impact of unclear or inadequate allocation concealment  

 

Comparison: 01 Unclear or inadequate allocation concealment vs adequate                                                   
Outcome: 01 Ratios of odds ratios                                                                                      

Study  Ratio of odds ratios (random)  Weight  Ratio of odds ratios (random)
or sub-category  log[Ratio of odds ratios] (SE)  95% CI  %  95% CI

Schulz 1995 [1]       -0.4155 (0.0543)  17.71      0.66 [0.59, 0.73]        
Moher 1998 [2]        -0.4620 (0.1711)   9.79      0.63 [0.45, 0.88]        
Kjaergard 2001 [3]    -0.5108 (0.3344)   4.08      0.60 [0.31, 1.16]        
Jüni 2001 [4]         -0.2357 (0.0613)  17.28      0.79 [0.70, 0.89]        
Balk 2002 [5]         -0.0513 (0.0718)  16.59      0.95 [0.83, 1.09]        
Als-Nielsen 2004 [6]    0.0198 (0.0647)  17.07      1.02 [0.90, 1.16]        
Pildal 2005 [95]      -0.0834 (0.0582)  17.48      0.92 [0.82, 1.03]        

Total (95% CI) 100.00      0.82 [0.71, 0.95]
Test for heterogeneity: Chi² = 38.81, df = 6 (P < 0.00001), I² = 84.5%
Test for overall effect: Z = 2.64 (P = 0.008)

 0.2  0.5  1  2  5
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Legends to figures 
 

Figure 2  

A comparison of treatment effect estimates on the odds ratio scale, comparing results from trials 

with unclear or inadequate allocation concealment with those from trials with reported adequate 

allocation concealment in 29 meta-analyses. The ratios of odds ratios (squares) with 95% 

confidence intervals are shown. The size of the squares reflects the statistical weight (shown in a 

separate column) in the overall analysis. A ratio of odds ratios (ROR) below 1 (i.e., left of the centre 

line) implies that trials with unclear or inadequate allocation concealment show a more beneficial 

effect as more undesirable events are prevented. Meta-analyses where 2 x 2 data could not be 

obtained did not contribute to this analysis.  Square brackets: references. 

 

Figure 3 

Meta-analysis of the empirical studies on the impact of unclear or inadequate allocation 

concealment on the estimates of treatment effects. All studies compared estimates of treatment 

effect within a number of meta-analyses and calculated the ratio of odds ratios for this purpose. A 

ratio of odds ratios (ROR) below 1 implies that trials with unclear or inadequate allocation 

concealment show a more beneficial effect as more undesirable events are prevented. Square 

brackets: references. 
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Discussion of the studies  

 

This section is structured to meet the following formal requirements for the overview to accompany 

a PhD Thesis submitted to the Faculty of Health Sciences at Copenhagen University: 1) 

Presentation of the major findings 2) Assessments of the applied methods 3) Critical review of the 

conclusions drawn 4) Comparisons with and assessments of other similar studies to delineate what 

the thesis adds to the current knowledge.  

These requirements are partly covered in Study I to III as presented in the previous section.  

However, to preserve coherence some repetition was inevitable, although the present section 

assumes that the reader has recently read the three studies. Assessments of the applied methods 

were given a high priority in the discussion of all the studies for two reasons. First, this issue is not 

covered in depth in the papers or the manuscript. Second, the suitability of the methods is 

intertwined with the validity and generalisability of the conclusions.  
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Discussion of Study I 

Polyclonal Immunoglobulin for Treatment of Bacterial Sepsis: A Systematic Review. 

 

Major findings 

RCTs and systematic reviews have shown conflicting results as to whether polycloncal 

immunoglobulin as adjunctive treatment of bacterial sepsis reduces mortality. The level of bias 

protection in the RCTs that contributed to the reviews was highly variable. We hypothesised that 

bias susceptibility of the individual trials and how this was dealt with at review level might explain 

the discrepant findings. Thus, we aimed to determine whether polycloncal immunoglobulin as 

adjunctive treatment of bacterial sepsis reduces mortality if only RCTs with a high level of bias 

protection are relied upon.  

The major finding was that high quality trials, which comprised almost half the evidence, 

showed no reduction in mortality among patients with sepsis receiving adjunctive treatment with 

immunoglobulin compared to those who, in addition to standard treatment, received placebo or no 

treatment. However, if the sum of the evidence derived from RCTs on polyclonal immunoglobulin 

for treatment of sepsis was pooled disregarding the individual studies’ reported level of bias 

protection, the treatment effect was then large and highly statistically significant. Yet, 23% of the 

variation between the results of all studies could not be explained by sampling error. This excess of 

unexplained variation is referred to in statistical terms as “between-trial heterogeneity”, or simply 

heterogeneity. The methodological quality (level of bias protection) was the only covariate that 

explained a statistically significant amount of the heterogeneity, while other trial characteristics 

such as age groups (neonates vs. adults), baseline risk, dose, and type of immunoglobulin 

preparation did not. Thus this confirms our pre-specified primary hypothesis for explaining any 

between-trial heterogeneity. 
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Assessment of methods  

Feasibility of the comprehensive literature search 

Our search strategy involved no language restriction, and three databases were searched. Substantial 

effort was invested to retrieve and translate any RCT whether Turkish,44 French,45 German,46 47 or 

Japanese.48   

The feasibility of including trials published in non-English languages has been assessed by 

Jüni and Egger49 who found that RCTs included in Cochrane meta-analyses and published in non-

English language include fewer patients, tend to be of lower methodological quality and report 

more beneficial effect estimates than similar RCTs included in the same meta-analyses, but 

published in English. Moher et al. also assessed whether trials in non-English languages were of 

lower methodological quality, or tended to report more beneficial treatment effects, but detected 

neither.50 However, Moher et al compared trials from 13 journals with an intermediary impact 

factor and used a score to assess the methodological quality of the studies,51 which does not assess 

allocation concealment, but contains components unrelated to internal validity. When the two 

studies 49 50 are pooled, the overall effect estimate of the experimental intervention is then 12 % 

relatively lower (more beneficial) in trials published in non-English languages (ratio of effect 

estimate 0.88; 95% CI: 0.80 to 0.99). Thus, our effort to include trials published in non-English 

languages was likely to yield low quality trials inflating the impact of the experimental treatment 

and confounding (to an unknown extent) the methods-related bias issue. Of our five non-English 

RCTs two were excluded. The three others were of lower quality, contributed with 10% of the 

weight of the analysis, and excluding them moved the overall estimate of the relative risk from 0.77 

to the less beneficial of 0.80. 46 44 47 In general, excluding trials in other languages had little impact 

in the study by Jüni and Egger (change in effect estimate less than 5% in 58% of the meta-analyses 
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they studied). Thus, we gained little from including trials in non-English languages. Although, this 

seemed likely as judged from the study by Jüni and Egger, it was not entirely predictable. 

Three of the trials included in our systematic review were not indexed in PubMed. 52 53 44 

These were also of lower methodological quality, but the sum of their contribution to the total 

statistical information was 19%, and excluding them moved the overall estimate of the relative risk 

from 0.77 to the less beneficial 0.83.  

 

Reliability of obtaining additional unpublished information from trial authors 

We sent questions to all the primary investigators of the included trials regarding additional 

information on the quality of their trials. The reliability of interrogating trial investigators after the 

publication of their trial has been published has been assessed in two surveys, where 86% (42/49) 

and 80% (28/35) of investigators denied the existence of unreported outcomes, although there was 

evidence to the contrary in their study protocols. 54 55. If this finding can be extrapolated to the 

reliability of authors’ responses to pivotal questions on trial quality in general, then correspondence 

with authors might not be worth the effort or might even be misleading. In this study we 

dichotomised the assessment of the level of bias protection into two groups. High-quality trials 

reported adequate allocation concealment, double-blinding, and provided data that made intention 

to treat analysis possible. Lower quality trials failed to meet one or more of these criteria. Four trials 

were re-classified as a consequence of correspondence with the authors. Three of these comprised 

3% of the weight in the overall meta-analysis, thus the main question is whether it was justified to 

up-classify the largest trial by Werdan et. al., which comprised 38% of the weight in the analysis.56 

The two most important bias protection components, allocation concealment and double-blinding, 

were adequate as assessed by the pre-published protocol of this trial.57 Thus, what motivated the up-

classification, was the presentation of data that made intention to treat analysis possible. We had 
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clearly explained in our letter that data on all randomised patients were requested regardless of 

whether the patients actually fulfilled the inclusion criteria or got the assigned treatment. Therefore 

there should be no ambiguity regarding the meaning of availability of data for intention to treat 

analysis. Werdan also provided the number of patients lost to follow up. It seems unlikely that 

Werdan et al. had anything to gain by claiming that data were as randomised if this was not true or 

by providing data that would make immunoglobulin seem less effective/more harmful than was the 

case.  

Another concern regarding incorporation of unpublished information on trial quality is that 

we do not know what the association1 between unclear or inadequate reported bias protection 

measures and inflated effect estimates reflects. The association might reflect the mechanism of the 

biases that these components should protect against; for instance, selection bias when the status of 

allocation concealment is unclear. Or it might reflect that these particular ways of reporting on bias 

protection components are more or less consistent markers of other mechanisms generating inflated 

results. If the latter is the case, then the marker-to-mechanisms association may change if markers 

are changed in response to correspondence.  

 

Inclusion of data from a large trial yet to be fully published  

The uncertainty related to the intermediate publication status of the study by Werdan et al. limits the 

inferences that can be drawn, as we cannot exclude the possibility that problems affecting the 

validity of the trial occurred. However, other reasons could be, e.g., that the authors did not 

published because they anticipated rejection by journals because the result was negative. This seems 

unlikely though, as this is a large presumably high-quality trial on severely ill patients. Thus, 

another explanation seems more likely, that the sponsor controls the data.14 There are several high-

                                                 
1 Please refer to the background section of this overview 
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profile cases of companies trying to suppress publication of results unfavourable to their product.58 

59 60 The study by Werdan et al. was an industry sponsored trial according to the published 

protocol.57 Studies sponsored by pharmaceutical companies are less likely to published than those 

funded by other sources, and published studies sponsored by pharmaceutical industry are more 

likely have outcomes favouring the sponsor.61 Finally, regardless of the cause, there is empirical 

evidence that unpublished trials on average show less favourable treatment effects.40 Accordingly, if 

unpublished studies are excluded from meta-analyses, then the overall effect estimates are likely to 

be inflated.  

 

Quality assessment  

We aimed to determine whether polycloncal immunoglobulin as adjunctive treatment of bacterial 

sepsis reduces mortality if only RCTs with a high level of bias protection are relied upon. Hence, a 

high level of bias had to be defined. In this study it comprised adequate allocation concealment, 

double-blinding, and data that made intention to treat analysis possible. Whereas trials where one or 

more of these requirements were not met were classified as lower quality, that is, less well protected 

against bias. These components were assessed because of the empirical evidence of their 

importance. It may seem like a loss of information to dichotomize these into whether or not all three 

of them were fulfilled. We did this, partly because we believe that a trial is only as strong as its 

weakest link, and partly to avoid data-dredging by testing different combinations’ fulfilment of the 

criteria without a pre-specification of which combination would be the primary. However, we also 

presented an exploratory sensitivity analysis (clearly labelled as such) where fewer criteria had to be 

fulfilled in the “high level of bias protection”-category. Finally, table 1 in the paper depicts the 

quality components of the individual studies, which allows the reader to perform sensitivity 

analyses according to other classifications.  
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Suitability of using meta-analysis and meta-regression analysis 

The suitability of pooling the trial results in a meta-analysis when trials were conducted in different 

settings and with different patient categories is briefly discussed in the paper and will not be 

repeated here. Ideally, we should have obtained individual patient data from each trial, as this would 

have allowed trial participants to be directly compared with others in the same study, instead of the 

whole dataset being pooled as though it came from a single, homogeneous study. Obtaining 

individual patient data would also have permitted use of a time-to-event analysis, as well as more 

powerful subgroup analyses with less risk of confounding. However, judging from the responses we 

received to our questions to the trial authors on quality, it seems highly unlikely that we would have 

receive IPD from more than a couple of principal investigators at most.  

An alternative could have been not to pool data in a meta-analysis, but to simply state that 

there are no high-quality trials to support the use of immunoglobulin for treatment of sepsis and that 

a large high-quality trial not yet fully published did not find any beneficial effect. But without a 

meta-analysis we would not have been able to assess statistically whether there were other or better 

explanations than methodological quality of the heterogeneity between the results of the individual 

trials.  

Typical competing explanations offered in the literature are that the use of certain 

immunoglobulin preparations offers an efficient treatment of sepsis in certain patients, etc. For 

instance, that immunoglobulin may well be effective for treatment of sepsis in neonates, but not in 

adults. We assessed whether such claims offered better explanations of the between-trial 

heterogeneity than methodological quality in a meta-regression analysis. However, theoretically we 

could have employed within trial subgroup analyses and pooled these in a subsequent meta-

analysis, instead. The latter approach would have permitted comparison within rather than between 

trials. However, firstly, the trials did not report mortality in separate subgroups (for instance 



 

75  

patients with gram-positive vs. gram-negative sepsis). Secondly, even if such data had been 

available, we would not have been able to simultaneously take into account other potential 

confounding covariates. Thirdly, most of the potential explanations of heterogeneity in the 

treatment effect were only available on between-trial level, viz. neonates vs. non-neonates. One 

limitation of meta-regression in the present context is that comparisons occur between trials rather 

than within trials. Another limitation is that its power is limited by the number of observations (21 

trials). Finally, we might have been accused of data-dredging if we had not pre-defined 

methodological quality as our primary hypothesis for explaining the between-trial heterogeneity. 62 

Regression analysis in general rests on the assumption that the tested variables are additive and that 

the influence of quantitative covariates is linear. 63 We had no prior suspicion of interactions 

between the covariates, so additivity was not explored, and the data set was too small with too 

limited a spread in the variable “total dose per kg” to reliably allow detection of deviations from 

linearity. The apparent correlation between study size and study quality is briefly discussed in the 

paper.  We used control group event rate to explore whether base-line risk explained a statistically 

significant amount of heterogeneity. If this had been the case then interpretation would have been 

difficult, see paper. 64 65  

 

Justification of conclusions  

Regardless of whether the assumptions that meta-analysis and meta-regression rest upon were 

fulfilled, and regardless of whether authors’ replies to our questions were reliable, the conclusion 

still is that there are no large, high quality trials to support use of immunoglobulin for treatment of 

sepsis outside the setting of randomised clinical trials.  
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Contribution to the current knowledge 

We have shown that high-quality RCTs on polyclonal immunoglobulin as adjunctive treatment for 

bacterial sepsis failed to show a reduction in mortality. Another systematic review that addressed 

the same question found that high-quality trials did indeed show a reduction in mortality.66 The 

reasons for this discrepancy are that we applied a more rigorous assessment of trial quality, applied 

a more sensitive search strategy and retrieved more information from trial authors. Ohlsson et al. 

also reported a statistically significant reduction in mortality among neonates, but did not report 

sensitivity analyses of the impact of methodological quality.67 While Ohlsson et al. concluded 

cautiously that there was insufficient data to support routine use of immunoglobulin for treatment of 

sepsis in neonates, we draw a stronger conclusion and say that it should not be used at all outside 

the context of clinical trials. Furthermore, we provide a thorough exploration of other explanations 

of why trials on the effect of immunoglobulins for treatment of sepsis come to different results, and 

show that currently there is no evidence of other explanations than the trials’ susceptibility to bias. 

This finding should prevent spurring of use of immuglobulin for treatment of sepsis driven by 

undue emphasis on selected groups of low quality trials. Off-label drug prescription is the 

prescription of a drug for diseases other than those for which the drug-regulatory authorities have 

approved it. While this use is legal, no authorities have assessed the evidence for prescribing the 

drug for other conditions, leaving it to the individual clinician to assess whether the evidence is 

strong enough to do so. When clinicians are faced with situations such as neonatal sepsis, they will 

be under pressure to “do something”, which might explain why most of the immunoglobulin used in 

the United States is used off-label.68 An example of how the undue emphasis on a subgroup of low 

quality trials might encourage off-label use of immunoglobulin for treatment of sepsis is provided 

by Jenson and Pollock.69 They conducted a meta-analysis of three of the trials on neonatal sepsis, 

which we also consider in our review. 70-72 On the basis of two studies that we had to rate as lower-
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quality studies 70 71 and one of the trials that we had to exclude, because of fundamental design 

errors,72 they claim that “the additive benefit of IVIG (intravenous immunoglobulin) given to 

neonates with sepsis in decreasing acute mortality is clearly unequivocal and substantial. Neonates 

with sepsis not afforded this therapy suffer a nearly six-fold higher short-term mortality rate.”  

Interestingly, four of the trials included in our review were published after the publication of 

the abstract of the study by Werdan et al., but failed to discuss or mention it. So it is important to 

draw attention to the appalling contrast between the high number of fully published lower-quality 

trials that show an overall favourable effect and the failure of the large high-quality negative trial to 

become published in full. This also emphasizes that despite the Helsinki Declaration’s insistence on 

publication of trials involving humans, it currently remains unspecified what level of publication 

will suffice.73 Clearly, publication of an abstract (which will not be indexed in any of the major 

medical databases) is not satisfactory. Werdan wrote in 1996 that the trial would soon be published 

in full. 74 This is now nine years ago, and this example calls for a revision of the Helsinki 

Declaration to prevent infinite postponement of publication of trials.   
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Discussion of Study II  

Comparison of descriptions of allocation concealment in trial protocols and the published 

reports: cohort study 

 

Major findings 

This study was a cohort study comparing descriptions of allocation concealment in published 

reports of randomised controlled trials (RCTs) and their protocols. 75 As allocation concealment 

appears to be one of the most important measures of protection against bias, 1 15-17 19 76 77 it is crucial 

to gain knowledge on whether and how allocation concealment is achieved in trials. Trial protocols 

are of particular interest with regard to the vast majority of trials with unclear allocation 

concealment in the published report.34 Among such RCTs, we aimed to determine the fraction that 

represents unclear reports of adequate allocation concealment as judged by their protocol. When we 

applied strict operationalisation of the criteria for adequate allocation concealment, the protocols 

made it clear that only 16% of the trials had adequate concealment, rising to 40% in a sensitivity 

analysis where we applied a more lax operationalisation of the criteria. Moreover, regardless how 

laxly the criteria were applied, most of the protocols also provided unclear information or gave rise 

to additional concern that the allocation concealment might have been compromised (for example, 

by revealing the randomisation block size).  

 

Assessment of methods 

The primary research question was what fraction of trials with unclear allocation concealment in the 

trial report had adequate allocation concealment according to their protocols. The implicit research 

question is slightly different, namely, does unclear allocation concealment in trial publications 

reflect poor methods or poor reporting of adequate methods? 
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Choice of research material  

The merits and limitations of our cohort of pairs of published reports of RCTs and their protocols 

are addressed below in the discussion of the justification of our conclusions and of what our study 

adds to the current knowledge. 

 

Quality assessments: validity of operational criteria 

All the empirical studies of lack of reported adequate allocation concealment operationalised the 

concealment concept in slightly different ways.1 15 16 17 19 In turn, authors of Cochrane reviews are 

requested to apply criteria that are again slightly different if interpreted literally.78 For instance, 

vehicles not only have to be numbered and coded to provide adequate concealment but also to be 

serially administered. Additional theoretical considerations regarding what adequate allocation 

concealment entails have been suggested by Meinert 3 and Berger.79 Our strict operationalisation of 

criteria for adequate allocation concealment corresponded to a literal interpretation of the 

recommendation for authors of Cochrane review, with an elaboration of the criteria for central 

randomisation incorporating suggestions by Meinert and Berger. This approach was chosen because 

all these elements are relevant to ensure adequate allocation concealment, and because we had 

expected that the protocols would give more detailed descriptions.  

However, it became obvious that very few protocols and trial reports met these strict criteria, 

so despite their theoretical justification, they might not be fully relevant, partly because a certain 

level of implicit understanding is often assumed in writing, and partly because the empirical studies 

of the impact of lack of reported allocation concealment had used laxer operationalisation. 

Therefore, we used the strict criteria for the presentation of the primary outcome because they were 

pre-specified; however, we also presented a sensitivity analysis applying the laxest criteria adopted 
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by any of the empirical studies of bias to capture the full range of how operationalisation of the 

same conceptual set of criteria could influence the results. The exact number of trials fulfilling the 

criteria for adequate concealment varied substantially depending on which set was applied. This 

illustrates the relevance of explicit priori operationalisation of the concept of bias protection 

components: firstly, to inform comparisons between different studies, and secondly, to avoid data 

dredging by ad hoc or retrospective definitions. 

We do not know whether the association between inflated treatment effects and unclear or 

inadequate allocation concealment reflects selection bias. It might also be that lack of reported 

adequate allocation concealment is, instead, a marker associated with other unrecognised 

mechanisms of bias. This distinction would not be as important if the size and direction of the 

impact of lack of reported adequate concealment was predictable, and if adequacy of allocation 

concealment was always assessed in the same way, because the impact of lack of reported adequate 

concealment would then be the same regardless of the mechanism. However, as this is not the case, 

it is important to be aware that an apparently slight alteration in the criteria might substantially alter 

how studies are categorised and also alter a possible association with other determinants of bias in 

an unpredictable way.  

 

Empirical evidence of selection bias: baseline discrepancies  

We could have assessed whether lack of reported adequate allocation concealment in the trial report 

or the protocol, or both, was associated with an increased prevalence of baseline imbalances of 

important prognostic factors. This would have provided an indication of whether these trials were 

more frequently affected by selection bias than those with adequate concealment according to both 

sources. However, this presupposes, that reports on baseline imbalances are reliable.  
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Justification of conclusions 

The main conclusion, that most trials with unclear allocation concealment in the published trial 

report also have unclear allocation concealment according the protocol, is straightforward and is 

robust to both the lax and stringent operationalisation of the concept of allocation concealment.  

Our cohort is the most representative of the overall literature of all the other studies that 

have assessed the fraction of adequately concealed trials among trials with unclear allocation 

concealment by consulting other sources. Thus, it is reasonable to assume that it is also the most 

generalisable. Our main conclusion relies on the assumption that the trials were conducted as 

outlined in the protocol. We believe this is likely since there were very few (four) explicit 

discrepancies between the methods of allocation concealment stated in the protocols and those 

reported the trial. 

 An unanswered question is what to assume when both protocols and trial reports do not 

provide any clear account of attempts to achieve allocation concealment. It could be that 

investigators simply failed to detail the bias protection procedures to be adopted in the trial or it 

could be that they did not have an appropriate understanding of the purpose and means of providing 

allocation concealment and therefore gave no detail. Such a lack of understanding is implied when, 

for instance, unvaried and relatively small randomisation block sizes are described in the protocol.  

This, however, is speculative.  

 

The implications for practice 

The call for drug regulatory authorities and science ethics committee to condition sanctioning of 

protocols on described adequate allocation concealment hardly needs further justification than the 

mere documentation of the present lack of it. The responsibility of legislators and policy makers to 

demand this and provide the authorities/committees with the resources should not be ignored, since 
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these institutions are already under pressure to review too much too quickly.80 Implementing this 

request will reduce the conducting of trials with selection bias due to lack of understanding of the 

importance and means of achieving allocation concealment. Currently, the ICH-CGP rules require 

investigators to account for how the treatment is going to be allocated to patients and to describe 

how bias will be prevented in the trial protocols.81 The guideline from the Danish drug-regulatory 

authority that was valid when the protocols included in the present study were approved gave very 

similar instructions.82 So there is no reason to believe that the recent national endorsement of the 

updated ICH-GCP rules in Europe has already solved the problem.  

We conclude that our findings add to the argument for public access to protocols, which 

seems difficult to contradict. The financial interests of companies can easily be protected. Any 

descriptions of the pharmaceutical content of drugs or the production of them have no relevance to 

the conduct of the trial per se, and we did not encounter any such descriptions in our cohort of 

protocols. The research question itself may be innovative, but once the trial is launched it will, 

nevertheless, become publicly known. The costs and logistic effort of implementing public access 

could be minimised by requesting the protocols to be submitted electronically; the approved version 

could then simply be available on a central public Internet site. Another potential merit of requiring 

access to protocols is that the enforcement of the CONSORT statement 35 might tempt authors to 

overstate the quality of their trial, but if the protocol is available, this can then be detected. 

 

Contribution to the current knowledge  

This study is the first to reveal the lack of description of the most important bias prevention design 

measure, allocation concealment, in a representative cohort of trial protocols.  

Furthermore, it adds to the other studies that have estimated the fraction of trial reports with 

unclear allocation concealment that have adequate concealment according to other sources.83-86 All 
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but one,86 of these studies found that most trials with unclear allocation concealment according to 

the trial report had adequate allocation concealment according to other sources. Our study adds to 

these findings. Firstly, because it does not depend on the reliability of surveying investigators on 

their published trials’ quality, such as the case was for three of the abovementioned studies,83 84 86 

The reliability of surveying investigators on another validity issue (reporting bias) has recently been 

assessed in two studies, where 86% (42/49) and 80% (28/35) of investigators denied the existence 

of unreported outcomes, although there was evidence to the contrary in their study protocols.54 55 

Secondly, our cohort is the most representative of the overall literature and consequently the more 

generalisable of the other four studies.83 84 86 85  This is particularly relevant with regard to the study 

by Soares et al., which was also a study on pairs of protocols and trials. Soares et al. found that 

unclear allocation concealment in the published trial reports invariably reflected adequate allocation 

concealment according to the trials’ protocol; however, the cohort was a highly selected sample. 

Our own finding, that 16% to 40% of trials with unclear allocation concealment in the trial report 

had adequate allocation concealment according to their protocols, is limited by the lack of clear 

descriptions of allocation concealment in the rest of the protocols of these trials (except in one 

protocol where concealment was inadequate). Although protocols with unclear allocation 

concealment might be expected when allocation concealment is inadequate, we do not know to 

what extent this was the case. 

In addition, our study is the first to quantify the impact of how the concept of allocation 

concealment is operationalised. Also, we report the prevalence of, hitherto little heeded, threats to 

allocation concealment other than those addressed by the commonly used criteria for adequacy of 

concealment,1 15-17 19 for instance, the frequent presence of code envelopes (for security purposes) at 

the trial location.  
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Finally, our study raises the question of whether central randomisation is overrated when it 

is assumed to always provide adequate allocation concealment, since none of the trials employing 

this method fulfilled our strict criteria for adequate concealment. Conversely, we found that only 3 

of 26 trials using the adequate method of numbered coded vehicles according the protocol described 

this method clearly in the trial report. This raises the question of whether allocation concealment in 

this type of trials might frequently be underrated, since double-blind drug trials often use numbered 

coded vehicles for concealment. 
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Discussion of Study III 

Impact of allocation concealment on conclusions drawn from meta-analyses of randomised 

trials 

 

Major findings 

Two-thirds of conclusions holding preferences based on a meta-analysis are no longer supported if 

only trials with reported adequate allocation concealment are relied upon. This is partly due to a 

substantial loss of statistic power and partly (at least in our data-set) to a tendency for estimates of 

treatment effects derived from trials reporting adequate concealment to be less beneficial than those 

that do not. 

 

Assessment of methods 

Operationalisation of the primary aim of the study 

The conceptual aim was to determine the fraction of RCT-supported clinical interventions that 

would remain supported if the requirement for the reliability of the evidence were enhanced to also 

include reported adequate allocation concealment. This question was operationalised as follows. 

What fraction of conclusions holding a preference based on a statistically significant result of a 

meta-analysis of RCTs remained supported if only RCTs with reported adequate allocation 

concealment were included in “re-meta-analyses” using the original method of analysis and 

summary statistic when possible. Lack of 2 x 2 data and imprecise methods sections in the reviews 

sometimes made this impossible. In those cases, generic inverse variance analyses based on the 

point estimates and their standard deviations as reported in the review were used instead. As 

detailed in the manuscript, we were able to closely replicate the original analyses; accordingly, we 

trust that the subgroup re-analyses appropriately reflect the desired outcome.   
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Operationalisation of when a conclusion holds a preference was defined as lending more 

support to one treatment than another. This could be as vague as “treatment effects were about 

equal, but one had minor advantages” or as strong as “One of the interventions is highly preferred 

and should be considered the standard intervention in all similar patients”. We excluded reviews 

where the authors stated a conclusion compatible with the following categories: “There is not 

enough evidence to justify any preference” or “There is evidence of no clinically relevant 

difference” or “Whether one prefers one intervention to another depends on values which will 

determine the trade off between the benefits and drawbacks of the interventions in question”. We 

used double independent assessment of the fulfilment of this criterion and disagreements led to 

exclusion of the review. This was to minimise any subjective judgement. We believe that this 

adequately discriminates between reviews that will influence clinicians to generally prefer one 

intervention to another and those that will not influence clinical practice in one particular direction. 

Only one meta-analysis from each review was included and this was identified as follows: a) 

the first statistically significant meta-analysis result presented in the results section of the abstract 

identified the potentially eligible meta-analysis. b) If this analysis concerned a binary outcome and 

supported the preference stated in the conclusion it was then accepted. If not, the review was 

excluded. This approach was chosen because the our pilot studies had shown that “positive” 

conclusions do not necessarily refer to the primary outcome (which is often not defined), nor the 

largest meta-analysis of the review, but rather to what the authors perceived as the most important 

finding, which tended to be the first reported statistically significant finding. Only three reviews had 

to be excluded, because the conclusion could not be assumed to rest on the meta-analysis identified 

in step a.  
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Relevance of obtaining all the original reports of the included meta-analyses 

All the original trial reports of RCTs included in meta-analyses were retrieved. Partly because the 

authors of PubMed reviews rarely reported assessments of the adequacy of allocation concealment 

and partly because they infrequently reported the 2 x 2 data of the meta-analyses. Most authors of 

Cochrane reviews had assessed adequacy of allocation concealment and all reported the 2 x 2 data. 

However, the authors of the Cochrane reviews had a tendency to overrate the adequacy of allocation 

concealment and generally applied the Cochrane handbook criteria78 for adequacy inconsistently 

and sometimes incorrectly (Appendix 1) 

 

Choice of method for estimating the impact of absence vs. presence of reported adequate bias 

protection components on the treatment effect 

To estimate the impact of absence vs. presence of reported adequate allocation concealment on the 

treatment effect we had to define what a treatment effect was in order to achieve consistent 

comparisons between meta-analyse. We defined the treatment effect as that of the experimental 

compared to the control treatment as follows: if an active intervention was compared with placebo 

or with no intervention, the active treatment was then experimental. If the authors of the review 

referred to one of the interventions as experimental or new, this distinction was then used. Two 

authors made this assessment independently and any disagreement led to exclusion of the review.  

The relevance of seeking increased objectivity by requiring independent interrater agreement was 

illustrated by our exclusion of 4 of 103 reviews at step 4 (Fig 1.a and 1.b in the manuscript).   

 As noted in the manuscript, several different strategies for estimating the impact of absence 

vs. presence of reported adequate bias protection components on the treatment effect have been 

employed in previous comparable studies. For instance, Schulz et al. 1 and Moher et al 15 used a 

logistic regression model and assumed a fixed effect between and within the meta-analyses, while 
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the analysis applied in the present study assumed a random effect at both levels. We used a random 

effects model at the within-meta-analysis level because many of the included meta-analyses 

originally used this model. This probably led to an overestimation of the between-trial 

heterogeneity. We abstained from trying to control for confounding between allocation concealment 

and double-blinding. If more and larger meta-analyses had been available we would have estimated 

the effect of each component by controlling for confounding using meta-regression in each meta-

analysis, and then combined these estimates in two separate meta-analyses the same way as was 

done for the uncontrolled estimates.  

 

Justification of conclusions 

That two-thirds of conclusions based on meta-analyses were no longer supported by the data if only 

trials with reported adequate allocation concealment were included, was predictably partly due to 

loss of statistical power. We did not try to disentangle how much of the loss of support for 

conclusions was due to loss of power rather than a less beneficial point-estimated represented by the 

trials included compared to those excluded. Because it is the compound influence of both 

mechanisms that comprise the relevant answer to the conceptual question. 

Two major inferences are drawn based on this conclusion: one with regard to prevention, the 

other with regard to the interpretation of the vast majority of available evidence with an unclear 

level of bias susceptibility.  It is obvious that uncertainty with regard to the level of bias protection 

should be prevented, and the ways in which this can be done have already been detailed in the 

manuscript. How to deal with and interpret the vast majority of the available evidence is more 

controversial. We suggest that sensitivity analyses that will inform the reader of the findings, 

depending on the level of bias protection, should always be presented. Since this could be done in 

several ways, it will be prone to data-dredging, and a strategy for assessing the impact of bias 
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susceptibility should be pre-specified in a protocol. Additional explorative analyses could be 

presented provided that they are labelled as such. But a conclusion has to be drawn as to whether or 

not to recommend the investigated intervention should be implemented. Here we call for more 

research to guide this assessment. It is hardly realistic to expect that a number of “correction 

factors” for simple application can be derived to solve the problem of uncertainty with regard to 

size, direction and variability associated with unclear reports of bias. But more research will 

probably increase our understanding of the circumstances that might influence the impact of 

different sources of bias under different conditions.   

  

Contribution to the current knowledge 

The primary aim of this study was to provide a documentation of the scale of the problem we are 

faced with because of the poor reporting on the level of bias protection in RCTs and to do so by 

illustrating the problem in relation to the clinically relevant situation, namely the clinical decisions. 

The proportion of interventions in internal medicine supported by RCTs has previously been 

estimated.87 Our study further details what fraction of these RCT-supported interventions that 

remains supported if reported adequate allocation concealment is required, and to our knowledge 

we are the first to do so. That only 31% of conclusions remained supported is consistent with the 

high prevalence of trial reports with unclear or inadequate allocation concealment.34 But this does 

not imply that our result was predictable, especially since review authors might have been more 

cautious when drawing conclusions based on trials with an uncertain or high level of bias 

susceptibility.  

 Our estimate of the impact of unclear or inadequate allocation concealment was less than we 

had expected. Our finding of a ratio of odds ratios of 0.92 when trials with absence vs. presence of 

reported adequate allocation concealment were compared was not statistically significant and it was 
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closer to 1 than any of the corresponding estimates of the first four similar studies. A more recent 

study, by Balk et al, found a ROR of 0.95 (0.83 to 1.09) However, this result was questioned 

because one of the inclusion criteria was statistically significant heterogeneity between the 

estimated treatment effects reported in the trials of each meta-analyses, which would probably 

introduce too much noise to allow detection of the full effect of lack of reported adequate 

concealment.76 But this explanation does not apply to our study nor to a sixth study published as an 

abstract, which found a ROR of 1.02 (0.90 to 1.16).20 As opposed to the study by Als-Nielsen et al. 

half of the studies that contributed to our ROR estimate were derived from PubMed reviews, which 

makes our results more broadly representative. In addition, we used exactly the same criteria for 

adequacy of allocation concealment as Schulz et al., which is important, because subtle differences 

in operationalisation of the same conceptual criteria can make a large difference as to how trials are 

categorised, as illustrated in Study II and Appendix 1. 
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Conclusions and implications for practice and research 

 

Sound theoretical considerations justify the precautions recommended to avoid bias at clinical trial 

and at review level.17 Empirical evidence suggests that a failure to implement these precautions,1 

and a failure to report whether they were employed is associated with bias in favour of the 

experimental study.1 15-17 One of the most imperative of these components is allocation 

concealment. In Study III we showed the importance of reporting this, since two-thirds of the 

conclusions stating a preference lose support if only trials with reported adequate allocation 

concealment are relied upon. We also estimated the inflation of the effect of the experimental 

treatment associated with inadequate or unclear allocation concealment in our data-set. We found 

less inflation than that of the first four similar studies.1 15-17 A fifth comparable study became 

available during Study III.19 This study by Balk et al. reported results that were consistent with ours, 

but might be explained as an exceptional finding due to a particular inclusion criterion; however, 

this does not explain our finding. Thus, the determinants of the size and direction of bias associated 

with unclear reports have to be further investigated. This would inform our assessment of the likely 

impact of bias in the individual meta-analyses. Such assessments will involve some subjective 

judgment. The readers should consequently be presented with sensitivity analyses of the possible 

impact of bias.  

Study II offers three possible explanations of why the studies of the impact of lack of 

reported adequate allocation concealment reach different results, 1 15-17 19 20 since the following 

phenomena might have confounded the studies in various degrees. First, a certain fraction of trials 

will have adequate allocation concealment but fail to report so. This fraction was 16% to 40% 

according to the corresponding trial protocols. Second, the quoted 16% to 40% represents our 

quantification of how differently trials may become classified according to a seemingly simple set 
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of criteria, depending on whether these are perceived as strict ideals that have to be fulfilled in 

detail, or whether they are perceived as examples of concepts to be applied more laxly. Third, other 

mechanisms for undermining adequate allocation concealment than those assessed in previous 

similar studies may be important, for instance the disclosure of small fixed block sizes in the 

protocol (Additional explanations are offered in the discussion section of Study III). 

Study II is the first to disclose that the majority of broadly representative trial protocols lack 

description of the most important bias protection precaution, allocation concealment. Thus, the 

regulatory authorities should be given the resources and incentive to prevent conduct of biased trials 

and to minimise uncertainty of the true effect of the interventions investigated in trials. That is, 

these authorities should enforce that trial protocols are approved only if they contain explicit 

description of adequate bias protection precautions. Furthermore, trial protocols should be made 

publicly available to strengthen critical appraisal the reliability of clinical trials. Another 

implication of our quantification of how differently trials can be categorised depending on how the 

criteria for adequate allocation concealment are applied, is to avoid data-dredging. Accordingly, the 

sensitivity analyses to assess the impact of bias in meta-analyses should be pre-specified in the 

protocol of the review and any additional exploratory analyses should be clearly labelled as such.  

Finally, the risk of introducing bias or uncritically summarising results from trials with an 

uncertain or low bias protection in review articles also deserves attention. We illustrated this in 

Study I which is a systematic review including a meta-analysis of whether polyclonal 

immunoglobulin as adjunctive treatment for sepsis reduces mortality. A pivotal contribution was 

that of a large trial yet to be fully published, and the overall meta-analysis result of the hinged on 

the bias susceptibility of individual trials. Evidence from trials with a high level of bias protection 

failed to show a reduction in mortality. Assessment of the level of bias protection was conducted 

according to a pre-specified strategy. Additional exploratory analyses demonstrated that there was 
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no convincing evidence of other explanations of the differences between the results of the included 

trials, than their susceptibility to bias. Accordingly, any claim that certain subgroups of patients will 

benefit from the treatment remains to be proven in large high quality trials, and polyclonal 

immunoglobulin should not be used for treatment of sepsis outside the setting of such trials.   
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Appendix 1 

 

Summary of the 253 reports of 202 trials included in 38 the Cochrane reviews. The trial reports 

were retrieved and reassessed in duplication and blinded to the results section. Exact details on the 

methods employed for allocation concealment were extracted; for instance, it was extracted whether 

envelopes were 1) sealed, 2) opaque and 3) sequentially numbered. 

The adequacy of allocation concealment described in the trial reports was categorized according to 

the Cochrane Handbook and our categorizations were compared to those of the review authors.  

 

51 of the 253 trial reports were co-publications (None of them contained any additional information 

on allocation concealment compared to the main publication).  

 

Among the remaining 202 trials, we categorized 96 trials differently than the reviewers for the 

following reasons: 

 

1) Envelopes method: Review authors classified trials as reporting adequately concealment 

although not fulfilling all the criteria: opaque and sealed and sequentially numbered.  

      (n = 11)  

 

2) Review authors classified trials as reporting adequate concealment, where we classified 

them as unclear. The difference was not due to review authors obtaining unpublished 

information or incorporating information from co-publications. Review authors did not give 

any specification of the methods, which could support their classification. (n =15)  
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3) Review authors rated trials as reporting adequate concealment (where we classified them as 

unclear) while having obtained unpublished information from the trial authors, but without 

specifying what methods were employed. (n =6)  

 

4) Review authors classified “Numbered coded vehicles” as adequate concealment, although 

administration of the vehicles was not described as sequential. (n = 11 trials) 2 

 

5) Review authors did not assess adequacy of allocation concealment, where our assessment 

were: 

a. Inadequate: (n = 5) 

b. Unclear:  (n = 12)  

c. No information available: (n = 11) 

d. Adequate: (n = 4) 

 

6) Review authors classified as unclear allocation concealment, although the trial reports did 

not even claim or even allude to randomisation (n = 3) 

7) Review authors classified as unclear allocation concealment, although allocation 

concealment was inadequate (n = 3)  

8) Review authors had obtained unpublished information and described the methods in 

sufficient detail to justify that their classification was different than ours (n = 10) 

9) Different other reasons (n = 5)  

                                                 
2 The criterion for “numbered coded vehicles”, as specified in the Cochrane Handbook includes that 
the administration of the vehicles has to be sequential. Schulz et al. did not require explicit reports 
of sequential administration. The classification we used for study III was pre-specified to be that of 
Schulz et al. but we extracted detailed information that permitted classification according to both 
sets of criteria. 
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