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Abstract
Rationale Blinding reduces performance and detection bias in randomized controlled trials (RCT). There is evidence that lack of
blinding leads to overestimation of treatment effects in pharmacological trials. Since surgical trials use interventions with a
physical component, blinding is often complicated. The aim of this study was to analyze, in general and abdominal surgery RCT,
the status of blinding, the potential for blinding, and the influence of blinding on outcomes.
Methods A systematic search of the literature in CENTRAL, MEDLINE, and Web of Science was conducted to identify RCT
with a surgical intervention, starting in 1996, the year when the first CONSORTstatement was published. Information on general
study characteristics and blinding methods was extracted. The presence or absence of blinding of the study contributors—
patients, surgeons, data collectors, outcome assessors, and data analysts—was analyzed. The association of blinding with the
trial outcome was investigated for every study contributor.
Results Out of 29,119 articles, 378 RCT were included in the analysis. These investigated a total of 62,522 patients, of whom
15,025 were blinded (24.0%). Contributors could have been blinded in far more trials, as the potential for blinding measures
ranged from 69% for outcome assessors to 98% for data analysts. If blinding of surgeons would have been possible but had not
been performed, this was associated with more significant trial outcomes (OR 13.670; 95% CI 1.308 to 142.840; p = 0.0289).
Discussion The potential of blinding, an important quality measure in surgical RCT, has not been exhausted. This study sum-
marizes the existing evidence on blinding in surgical trials and gives evidence-based recommendations for the use of blinding in
future surgical trials.
Systematic review registration PROSPERO 2015:CRD42015026837.

Keywords Blinding . Bias . Performance bias . Detection bias . Surgery . Risk of bias . Randomized controlled trial . Systematic
review . Cochrane risk of bias assessment tool

Background

The aim of evidence-based medicine is to identify the optimal
treatment for patients. This process is based on the expertise of

the treating practitioner, the patients’ characteristics, and the
best available external evidence [1]. Properly performed ran-
domized controlled trials (RCT) are considered to provide the
best external evidence by virtue of measures to minimize bias
and to ensure the validity of the conclusions drawn [2, 3]. Bias
is a systematic error that leads to deviation of the measured
effect from the true effect of an intervention [4]. The
CONSORT statement (Consolidated Standards of Reporting
Trials), a guideline on the reporting of outcomes in RCT,
declared information enabling evaluation of bias to be man-
datory [5].

One measure that can be used to reduce bias is blinding of
study contributors. Generally, RCT have five kinds of contrib-
utors: patients, practitioners (here surgeons), data collectors,
outcome assessors, and data analysts (Fig. 1). The risk that
awareness of the applied intervention influences its effects is
called performance or detection bias. A patient or surgeon
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who trusts in the efficacy of a specific intervention may un-
consciously or intentionally perceive or detect an enhanced
treatment effect [4]. Blinding of both participants and person-
nel is commonly referred to as Bdouble blinding^ [6].
Detection bias refers to the risk of how the evaluation of the
outcomes biases effects. Outcome assessors and data analysts
(investigators or statisticians) who are aware of the treatment
used may unconsciously or intentionally alter their assess-
ment. Particularly in the case of soft endpoints, e.g., pain or
quality of life, blinding of outcome assessors is important. For
objective outcomes, such as mortality, detection bias is irrele-
vant [4, 7].

The physical component of the interventions in surgical
RCT means that blinding of the operating surgeon is usually
not possible. Blinding of patients and outcome assessors is
also not readily achieved [3, 4, 8, 9]. Various blindingmethods
have been investigated for a number of non-pharmacological
treatments, yielding detailed methodological information on
the potential extent of blinding in surgery [10]. However, it
remains unclear whether ornate blinding measures for surgical
interventions are justified by improved quality of evidence. It
is very probable that measures to blind patients are negated by
the physical component of the treatment, and this aspect has
never been systematically investigated.

Therefore, the objective of this systematic review and em-
pirical study was to investigate the impact of blinding in gen-
eral and abdominal surgery RCT and give evidence-based
recommendations for its future use in surgical trials.

Methods

This systematic review and empirical study was reported as
specified in the PRISMA statement [11]. The study is

registered under PROSPERO 2015:CRD42015026837 and
was conducted according to a predefined protocol [12].

Research question

This study aimed to determine the present status of blinding in
general and abdominal surgery RCT, its potential application
in such trials, and its influence on outcomes. The present sta-
tus of blinding in general and abdominal surgery was evalu-
ated by quantification of blindingmeasures and their reporting
in RCTsince 1996. The potential for blinding in surgical RCT
was determined by comparing the possible blinding measures
with those actually used. Finally, the influence of blinding on
outcomes was evaluated by investigating trials for the associ-
ation of blinded study contributors with significant trial
outcomes.

Systematic literature search

A research question was formulated according to the
PICO model (Participants, Interventions, Comparisons,
Outcomes) [4]: P: adult human patients undergoing gen-
eral and abdominal surgery; I: any surgical intervention;
C: any surgical control; O: method of blinding and re-
spective outcome of primary endpoint. The following
search strategy was used:

( ( ( ( ( (BGenera l Surgery^[Mesh] OR Bgenera l
surgery^[tiab] OR BColorectal Surgery^[Mesh] OR
Bcolorectal surgery^[tiab] OR BDigestive System
Surgical Procedures^[Mesh] OR Bgastrointestinal
surgery^[tiab] OR Brectum surgery^[tiab] OR Brectal
surgery^[tiab] OR Bvisceral surgery^[tiab] OR BLiver/
surgery^[Mesh] OR Bliver surgery^[tiab] OR Bhepatic
surgery^[tiab])) OR ((pancreatic OR pancreas) AND
(surgery[tiab] OR surgeries[tiab] OR surgic*[tiab])))
OR ((BEsophagus/surgery^[Mesh]) OR (esophagus
AND (surge ry [ t i ab ] OR surge r i e s [ t i ab ] OR
surgic*[ t iab]) ) ) OR (( t ransplant*[ t iab] AND
(surgery[tiab] OR surgeries[tiab] OR surgic*[tiab])))
OR (Bhepatobiliary-pancreatic^[tiab] AND (surgery
[t iab] OR surgeries[t iab] OR surgic*[t iab])))
OR (BRetroperitoneal Neoplasms/surgery^[Mesh] OR
BAbdomina l Neop la sms / su rge ry^[Mesh] OR
Babdominal surgery^[tiab] OR Bgastric surgery^[tiab]
OR Bba r i a t r i c su rge ry^[ t i ab ] OR Bba r i a t r i c
s u r g e r y ^[m e s h ] OR Bs p l e n e c t omy ^[m e s h ]
OR splenectomy[tiab] OR splenectomies[tiab] OR
BThyroidectomy^[Mesh] OR thyroidectomy[tiab] OR
thyroidectomies[tiab] OR BCholecystectomy^[Mesh]
OR cholecystectomy[tiab] OR cholecystectomies[tiab])))
AND ((randomized controlled trial [pt]) OR random*
[tiab]). The search strategy is described in full in the

Fig. 1 Study contributors in a trial may generate performance and
detection bias, which can be avoided through blinding
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Box 1 Recommendations for future use of blinding in surgical trials

Recommendations for future use of blinding in surgical trials 

There is an unused high potential for blinding in surgical trials. Therefore, during the 

planning phase of a trial the following questions should be answered for every study 

contributor (patient, surgeon, data collector, outcome assessor and data analyst): 

Is the primary endpoint influenceable by the [study contributor] or is the 

endpoint completely robust against unconscious or intentional influence?

Endpoints like pain or quality of life are prone to unconscious or intentional altering by unblinded 

patients. Outcome assessors may unconsciously or intentionally more manipulate their judgement the 

less exact the assessment of an endpoint is defined.

How can the [study contributor] be blinded to the intervention until the 

primary endpoint is assessed?

The blinding measures taken should be explained for every study contributor in the trial protocol.

How ornate are the blinding methods that would be applied in relation to the 

expected effect to avoid bias?

At some point avoidance of bias cannot be justified by very ornate blinding measures which interrupt 

the general conduct of the trial or even arouse desires to “outsmart” the blinding. If this is the case it 

should be described in detail in the trial protocol.

The operating surgeon seems to be the gateway to bias. If not blindable, the operating 

surgeon should not be involved in any decisions that could influence the primary 

endpoint or in judgement of the primary endpoint. Whether this is the case and how it 

is achieved should be described in the trial protocol. 

In the presence of a predefined and published data analysis plan, blinding of the data 

analyst may be dispensable. However, there are not many conceivable circumstances in 

which blinding of the data analyst would pose any major problems.

The efficacy of blinding measures in surgical trials should be assessed. All blinded 

study contributors should be asked whether unintentional unblinding occurred. If they are 

still blinded, they should be asked which arm of the study they think they are part of, giving 

their reasons. These guesses should be compared to the actual allocation. 
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published protocol [12]. The following databases were
searched: CENTRAL, MEDLINE (via PubMed), and
Web of Science [13]. A search strategy based on vo-
cabulary thesaurus (e.g., MeSH) in combination with
text words was used. The survey was limited to the
period from August 1996, when the first CONSORT
statement [14] was published. The last search was
performed on December 2015. No language restric-
tions were applied.

Study selection

Abstracts and full texts were screened independently by
two reviewers following the recommendations of the
Cochrane Collaboration [4]. Articles identified by the sys-
tematic literature search were screened for eligibility. RCT
from general and abdominal surgery with a surgical inter-
vention in adult human patients were included in full-text
screening. A surgical intervention is characterized by a
skin incision and a dominant physical component and/or
modification of anatomy. Good examples of surgical trials
are comparisons of two surgical accesses (e.g., open vs.
laparoscopic), surgical strategies (e.g., Bassini vs.
Shouldice in groin surgery), or two ways of performing
a specific resection (e.g., hand vs. stapler anastomosis of
bowels). Trials that investigated surgical training, com-
pared a surgical with a nonsurgical intervention (e.g.,
pharmacology or irradiation), compared early and late sur-
gery, or comprised more than two study arms were
excluded.

Full-text screening was performed for all articles eligi-
ble after abstract screening. To ensure homogeneity of the
sample [12], all trials were checked for proper randomi-
zation and allocation (selection bias) according to the rec-
ommendations of the Cochrane Collaboration [4].
Furthermore, only RCT with an a priori defined primary
endpoint (reporting bias) and an intention-to-treat (ITT)
analysis or without unexplained drop-out (attrition bias)
were included in quantitative analysis. Exclusion of trials
without proper randomization and allocation prevents a
high risk of selection bias [4]. An a priori-defined primary
endpoint is necessary in order to obtain a sample free of
trials that feature changed, newly introduced, or omitted
primary endpoints and are therefore at high risk of
reporting bias [15]. An endpoint is defined a priori if there
is an open accessible protocol or registration defining the
endpoint as reported or if the primary endpoint is based
on a sample size calculation. Including only trials with
ITT analysis (with less than 10% imputed/drop-out data)
or without unexplained drop-out prevents high risk of bias
due to incomplete outcome data (attrition bias) [4].

Data extraction

The following study characteristics were extracted: title,
author, year of publication, journal, surgical speciality
(upper gastrointestinal surgery, hepato-pancreatico-biliary
surgery, colorectal surgery/proctology, endocrine surgery,
hernia, mixed, other), study intervention and control in-
tervention, primary endpoint, and outcome (subjective/ob-
jective). Details of blinding were extracted from the pub-
lished trials or protocols: position in article where
blinding was mentioned (title, abstract, methods section,
or separate protocol/ registration); presence, absence, or
non-reporting of blinding of trial contributors (patients,
practitioners (surgeons), data collectors, outcome asses-
sors, data analysts); feasibility of blinding trial contribu-
tors according to Boutron et al. [10]; whether the influ-
ence of lack of blinding was discussed; and whether pos-
sible unblinding was assessed during the trial. Further
sources of bias, such as industrial funding [16], number
of study centers, and number of nations included, were
also extracted [16]. The original data extraction sheet is
published with the protocol [12].

Data extraction was performed by two reviewers inde-
pendent ly for qual i ty assurance purposes [17] .
Discrepancies between the two reviewers were resolved
by a third reviewer, and a final extraction sheet was de-
termined for database entry. After the last extraction sheet
was entered into the database, the latter was closed and
made available for statistical analysis.

Data synthesis and statistical analysis

To evaluate the status of blinding in surgical RCT, the
rates of blinded trials and blinded study contributors were
expressed descriptively overall and for three periods
(1996–2000; 2001–2009; 2010–2015). These periods
were determined by the publication of the different ver-
sions of the CONSORT statements in 1996, 2001, and
2010. Moreover, for each study contributor, it was inves-
tigated whether blinding was feasible and not done, fea-
sible and done, not feasible, or unclear. For these groups,
a two-sample test for equality of proportions was per-
formed, comparing significant and non-significant trial re-
sults with the level of significance set at 5%. The poten-
tial for blinding was expressed as the comparison of trials
in which blinding was actually carried out with trials
where blinding would have been feasible. To determine
whether blinding of a study contributor would have been
theoretically possible, the study by Boutron et al. [10] was
used.

It is known from other medical fields that lack of
blinding leads to more signif icant trial results .
Therefore, the association of blinding status with
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significant trial outcome was tested in a multivariable
logistic regression model at a level of significance of
5%. The target factor was the outcome of the included
RCT (significant vs not significant outcome for primary
endpoint). The influencing factor was blinding status
(blinded vs unblinded) of the study contributors.
Further factors and variables were the international vs
national nature of the included RCT, the time period

(1996–2000 vs 2010–2015, 2001–2009 vs 2010–2015),
and other potential threats to validity (non-industry vs
industry, baseline imbalance vs balanced, number of
study centers, and sample size). The associations were
expressed as odds ratio (OR) with 95% confidence inter-
val. Within the multivariable logistic regression model, a
significantly raised OR would indicate an influence of
lack of blinding on trial outcomes in surgery.

Table 1 Blinded study
contributors overall and in the
three separate study periods

Blinded study
contributors

Study period

1996 to 2000
(n = 34)

2001 to 2009
(n = 139)

2010 to 2015
(n = 205)

Total
(n = 378)

Patients 2 (5.9%) 25 (18.0%) 66 (2.2%) 93 (24.6%)

Surgeons 0 (0.0%) 2 (1.4%) 5 (2.4%) 7 (1.9%)

Data collectors 0 (0.0%) 15 (10.8%) 19 (9.3%) 34 (9.0%)

Outcome assessors 2 (5.9%) 38 (27.3%) 57 (27.8%) 97 (25.7%)

Data analysts 0 (0.0%) 4 (2.9%) 4 (2.0%) 8 (2.1%)
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All statistical analysis was performed with the program
R [18].

Results

After deleting duplicates, 29,119 articles were identified
by the initial search. After abstract screening, 1854 pub-
lications remained for full-text screening. Of these, 444
articles were excluded on grounds of duplicate publica-
tion, wrong study type, or wrong intervention. This result-
ed in a comprehensive set of 1410 surgical RCT (100%).

Seventy (5.0%) of the full texts were excluded because of
selection bias, 896 (63.5%) due to reporting bias, and 66
(4.7%) for reasons of attrition bias. Finally, 378 RCT
(26.8%) were included in the qualitative and quantitative
analysis. Figure 2 shows the PRISMA flow chart.

Characteristics of the included RCT

A total of 62,522 patients were investigated in the 378
RCT, of whom 15,025 were blinded (24.0%). The highest
number of trials investigated hepato-pancreatico-biliary
surgery (121 of 378 RCT; 32.0%) followed by colorectal

Table 2 Feasibility for blinding
and actual blinding of study
contributors

n; % Significant (%) Non-significant (%) p value

Patients

Feasible and not done 63 (17%) 30 (48%) 33 (52%) 0.792

Feasible and done 93 (25%) 48 (52%) 45 (48%) 0.825

Not feasible 34 (9%) 15 (44%) 19 (56%) 0.599

Blinding unclear 188 (50%) 91 (48%) 97 (52%) 0.674

Surgeons

Feasible and not done 8 (2%) 4 (50%) 4 (50%) > 0.999

Feasible and done 7 (2%) 0 (0%) 7 (100%) 0.023

Not feasible 153 (40%) 71 (46%) 82 (54%) 0.365

Blinding unclear 210 (56%) 109 (52%) 101 (48%) 0.570

Data collectors

Feasible and not done 76 (20%) 36 (47%) 40 (53%) 0.717

Feasible and done 34 (9%) 11 (32%) 23 (68%) 0.054

Not feasible 37 (10%) 17 (46%) 20 (54%) 0.736

Blinding unclear 231 (61%) 120 (52%) 111 (48%) 0.528

Outcome assessors

Feasible and not done 73 (19%) 36 (49%) 37 (51%) > 0.999

Feasible and done 97 (26%) 46 (47%) 51 (53%) 0.664

Not feasible 27 (7%) 13 (48%) 14 (52%) > 0.999

Blinding unclear 181 (48%) 89 (49%) 92 (51%) 0.865

Data analysts

Feasible and not done 115 (30%) 52 (45%) 63 (55%) 0.311

Feasible and done 8 (2%) 4 (50%) 4 (50%) > 0.999

Not feasible 4 (1%) 3 (75%) 1 (25%) 0.616

Blinding unclear 251 (66%) 125 (50%) 126 (50%) 0.938

Table 3 Potential for blinding of
study contributors Theoretically blindable (of 378

RCT)
Actually blinded (if
blindable)

Potentiala (not
blinded)

Patients 315 (83%) 93 of 315 (30%) 70%

Surgeons 28 (7%) 7 of 28 (25%) 75%

Data collectors 276 (73%) 34 of 276 (12%) 88%

Outcome assessors 313 (83%) 97 of 313 (31%) 69%

Data analysts 370 (98%) 8 of 370 (2%) 98%

aDifference between 100% and rate of actually blinded patients
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surgery or proctology (101 of 378 RCT, 26.7%), upper
gastrointestinal surgery (80 of 378 RCT; 21.2%), endo-
crine surgery (30 of 378 RCT, 8.0%), mixed operations
(24 of 378 RCT; 6.4%), and hernia surgery (16 of 378
RCT; 4.2%). Almost half of the trials investigated surgical
strategies (183 of 378 RCT; 48.4%). The other half com-
pared surgical instruments (118 of 378 RCT; 31.2%) or
different surgical accesses (76 of 378 RCT; 20.1%). The
primary endpoints of the included trials were considered
to be subjective in 61.1% of cases (231 of 378 RCT) and
objective in 38.9% (147 of 378 RCT).

Reporting of blinding

Blinding was mentioned in the titles of 20 of 378 RCT
(5.3%), in the abstracts of 54 of 378 RCT (14.7%) and in
the methods sections of 190 of 378 RCT (50.3%). A pro-
tocol or registration was available in 128 of the 378 RCT
(33.9%), and blinding was mentioned in the protocol in
112 of 128 RCT (87.5%). In 41 of 378 RCT (10.8%), the
absence or presence of blinding measures was mentioned

only in the protocol, not in the publication giving the
results.

The blinding was characterized in different ways:
single-blinded (34 of 378 RCT; 9.0%), double-blinded
(36 of 378 RCT; 9.5%), and blinded or masked (71 of
378 RCT; 18.8%). BDouble-blinded^ meant either that at
least two types of contributors were blinded or that both
detection and performance bias were avoided. In 93 of
378 RCT (24.6%), various expressions were used to state
that the trial was not blinded, e.g., open-label, not
masked, informed, or aware. In 14 (15.1%) of these 93
Bopen-label^ trials, the lack of blinding measures was
discussed as a source of bias. In one of 378 RCT, the
occurrence of unblinding of patients was investigated
(0.3%).

Status of blinding

Of the 378 RCT, 34 (9.0%) were published between
1996 and 2000, 139 (36.8%) between 2001 and 2009,
and 205 (54.0%) between 2010 and 2015. The propor-
tion of all types of study contributors who were blinded

Table 4 Multivariable analysis of
the impact of blinding on
significant trial results

Target factor Significant study outcome

Factors Odds ratio (95% confidence interval) p value
All studies at low risk of selection bias

All studies at low risk of attrition bias

All studies at low risk of reporting bias

Patients

Unblinded vs blinded 0.697 (0.332 to 1.466) 0.3416

Surgeons

Unblinded vs blinded 13.670 (1.308 to 142.840) 0.0289

Data collectors

Unblinded vs blinded 2.267 (0.578 to 8.882) 0.2403

Outcome assessors

Unblinded vs blinded 1.296 (0.527 to 3.192) 0.5722

Data analysts

Unblinded vs blinded 0.593 (0.099 to 3.540) 0.5661

Geographical scope of trials

International vs single country 2.790 (1.078 to 7.220) 0.0345

Year

1996–2000 vs 2010–2015 0.592 (0.256 to 1.372) 0.2216

2001–2009 vs· 2010–2015 0.802 (0.486 to 1.323) 0.3876

Other potential threats to validity

Non-industry vs. industry 1.277 (0.564 to 2.893) 0.558

Baseline imbalances vs balanced 0.799 (0.396 to 1.609) 0.529

Variables

Number of study centers 0.950 (0.904 to 0.998) 0.0395

Sample size 0.998 (0.997 to 1.000) 0.0614
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increased between the period 1996 to 2000 and the peri-
od 2001 to 2009. However, comparing the periods of
2001 to 2009 and 2010 to 2015, only the proportion of
blinded patients increased substantially, from 18 to
32.2%. For all other study contributors, the proportions
remained similar or decreased. The proportions of overall
blinded study contributors and for the defined periods are
shown in Table 1.

Blinding of patients was considered not feasible in 34
(9.0%) of the 378 included RCT, and reporting was un-
clear in 188 of 378 RCT (49.7%). Blinding was feasible
and done in 93 RCT (24.6%) and feasible but not done
in 63 RCT (16.7%). For each of these groups, no differ-
ence regarding significant trial outcomes was present.
For surgeons, blinding was considered not feasible in

153 of 378 RCT (40.5%), and reporting was unclear in
210 of 378 RCT (55.6%). Only in 7 of 378 RCT (1.9%)
blinding was feasible and done, and in 8 of 378 (2.1%)
RCT, blinding was feasible but not done. All trials in
which the surgeon was blinded for the intervention re-
sulted in non-significant results for the primary endpoint.
As for the blinding of data collectors, this was consid-
ered feasible and done in 9.0% of trials (34 of 378 RCT)
and feasible but not done in 20.1% of trials (76 of 378
RCT). In the majority of trials (231 of 378 RCT; 61.1%),
the blinding status of data collectors remained unclear,
and in 9.8% of trials (37 of 378 RCT), blinding of data
collectors was not feasible. Blinding of outcome asses-
sors was considered not feasible in 27 of 378 RCT
(7.1%), and reporting was unclear in 181 of 378 RCT

Box 2 Recommendations for reporting of blinding in surgical trials

Recommendations for reporting of blinding in surgical trials 

Terms like “double-blinded” should be avoided, as they are inadequately defined, 

both in general and specifically for surgical trials. The simple term blinded in the title 

and the abstract section with a comprehensive description of blinding measures in the 

methods section should be favored to imprecise catchwords.

For every study contributor (patient, surgeon, data collector, outcome assessor and 

data analyst) it should be reported whether blinding measures were applied. To 

avoid an unclear status regarding blinding measures a short and simple statement for 

every study contributor is necessary. If there were reasons for not applying blinding 

methods (please see: recommendations for future use of blinding in surgical trials) this 

should be mentioned in the limitations section referencing the trial protocol. Moreover, the 

potential deviation of the measured effect from the true effect by lack of blinding should be 

discussed.

If not blindable, the role of the operating surgeon in the postoperative care should 

be described in detail. For outcome assessors and data analysts it should be 

outlined whether there were either predefined definitions for assessment or an a 

priori defined analysis plan. This information will allow the reader to estimate the 

potential impact of respective study contributors on trial outcomes by performance or 

detection bias.
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(47.9%). In 73 of 378 RCT (19.3%), blinding was feasi-
ble but not done, and in 97 of 378 (25.7%), feasible and
done. For data analysts, blinding was considered not fea-
sible in 4 of 378 RCT (1.1%), and reporting was unclear
in 251 of 378 RCT (66.4%). Blinding was feasible and
done in 8 RCT (2.1%) and feasible but not done in 115
RCT (30.4%). Comparing the subgroups for data collec-
tors, outcome assessors, and data analysts, no differences
regarding significant trial outcomes were present. Table 2
summarizes the results for the different types of study
contributors.

Potential of blinding

Using the methods described by Boutron et al. [10], blinding
of the study contributors would have been possible in most of
the included RCT, except for practitioners, i.e., the operating

surgeons (28 of 378 RCT; 7.4%). Patients, data collectors,
outcome assessors, and data analysts were theoretically
blindable to the surgical intervention in 73 to 98% of the
RCT (Table 3). Among these RCTwith theoretically blindable
surgical interventions, the lowest rate of actual blinding was
seen for data analysts (8 of 370 RCT; 2.1%) and the highest
rate for outcome assessors (97 of 313 RCT; 31.0%). The un-
used potential for blinding in surgical RCT was 70% for pa-
tients, 75% for surgeons, 88% for data collectors, 69% for
outcome assessors, and 98% for data analysts.

Influence of blinding on outcomes

The influence of blinding on the outcomes of the primary
endpoint of the included RCT was calculated as the associa-
tion with blinded study contributors (Table 4). Of the five
types of study contributor, only the practitioner, i.e., the

Box 3 Recommendations for assessing blinding in surgical systematic reviews

Recommendations for assessing blinding in surgical systematic reviews

There are some specifics when assessing blinding in surgical trials for a systematic review 

compared to other medical fields. These specifics are all related to the outstanding role 

of the operating surgeon applying the intervention. For none of the other study 

contributors an introduction of bias on trial outcomes could be shown by this study. 

Therefore, important information is lost by summarizing the absence of blinding in 

performance and detection bias only. For surgical systematic reviews it is 

recommended to describe the blinding measures and their impact on endpoints for 

every study contributor individually.

The plausibility of maintaining the study contributors blinded should be assessed.

This includes time from the index operation to the assessment of the primary endpoint and 

how ornate blinding measures were. If authors present an analysis of efficacy of blinding 

measures (please see: recommendations for future use of blinding in surgical trials), this is 

a strong argument that no bias due to deviations from intended interventions is present.

Risk of bias should be assessed as high irrespective of the possibility of blinding of the 

intervention. More important is the potential of each study contributor to introduce bias into 

the study by lack of blinding. If a surgical trial uses objective endpoints not prone to 

performance or detection bias the risk of bias for these domains should generally 

be judged as low.
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unblinded surgeon, was independently associated with signif-
icant trial results (OR 13.670; 95% CI 1.308 to 142.840; p =
0.0289). Of the other factors with a possible influence on trial
results, a higher number of study centers within an RCTwere
independently associated with less significant outcomes (OR
0.950; 95% CI 0.904 to 0.998; p = 0.0395).

Discussion

This systematic review and empirical study provides evidence
on the present status of blinding, the potential for blinding,
and the influence of blinding on outcomes in general and
abdominal surgery RCT. The systematic literature survey
yielded 378 RCT with a surgical intervention between 1996
and 2015, otherwise free of selection, reporting, and attrition
bias. The present status of blinding in general and abdominal
surgery RCT is that while blinding is used for every fourth
patient and outcome assessor, only low proportions of the
other types of study contributors are blinded. Only the rate
of patients blinded in surgical RCT increased constantly
throughout the survey period (Table 1). Consequently, there
is an unexploited potential for blinding study contributors in
general and abdominal surgery RCT (Table 3). As stated ear-
lier, blinding to surgical interventions is sometimes impossi-
ble; however, in a large number of the RCT, blindingmeasures
would have been feasible but were not applied. Blinding of the
operating surgeon seems to influence the trial outcome more
than blinding of any other study contributors (Table 4). One
reason could be that non-blinding of the surgeon leads to
unintended unblinding of other study contributors in surgical
RCT because of the close cooperation in daily practice.
However, unintended unblinding of study contributors was
almost never assessed. Overall, stricter adherence to the
CONSORT statement [11] should be demanded by journal
editors.

Based on the presented evidence, the Study Center of the
German Surgical Society formulated recommendations for fu-
ture use of blinding in surgical trials (Box 1), reporting of
blinding in surgical trials (Box 2), and assessing blinding in
surgical systematic reviews (Box 3).

As an illustration of the different scenarios and potential
for blinding in surgical RCT, Park et al. [19] investigated the
effect of abdominal drainage on postoperative outcome. An
abdominal drain is placed by the operating surgeon at the end
of an intervention, so the surgeon cannot be blinded. In Park’s
study, every patient received a drain, the randomization was
performed directly after the operation, and the drains were
removed by a study assistant, leaving the operating surgeon
blinded. Another example of a situation where the operating
surgeon can readily be blinded is when different yet similar-
looking devices are used, e.g., coated suture materials [20].
Generally, it has to be assumed that not all theoretically

blindable interventions are actually pragmatically blindable.
The fact that an intervention is theoretically blindable may
lead to the use of ornate blinding methods, resulting in unin-
tentional unblinding. Therefore, the success of blinding the
contributors should be assessed.

Further, the results of this study have to be compared with
the existing literature. Table 5 (see Supplementary material)
gives an overview of the existing evidence on blinding in the
medical literature [7, 10, 16, 21–43]. These studies investigat-
ed different aspects of blinding and associated bias in various
fields of medicine. Those investigating the association of lack
of blinding with trial results all concluded that it leads to
exaggeration of treatment effects [7, 21, 24, 25, 31, 33, 34].
The statistical analysis of the present study reproduced this
association only for the operating surgeon. Therefore, further
discussion is needed to explore discrepancies. The field of
medicine investigated plays an important role, and differences
among the results of studies may reflect differences among the
fields. It is possible that surgical interventions, owing to their
strong physical and visible component, are unintentionally
unblinded more often than interventions in pharmacological
trials. Another possible explanation is the growing standardi-
zation of endpoints in surgical trials. In pancreatic surgery, for
example, the assessment of a postoperative pancreatic fistula
is nowadays highly standardized, whereas up to around
10 years ago, each study defined this outcome individually
[44]. Consequently, the assessment of outcomes based on
predefined criteria minimizes the subjective influence of out-
come assessors in the surgical field leading to a different risk
of bias assessment.

This study has limitations that need to be considered when
interpreting its results. First, there is a difference between the
published protocol [12] and the presented results. Initially, it
was planned to test the effect of performance and detection
bias according to the Cochrane Handbook on significant trial
results [4]. However, during the extraction and analysis stage,
it became clear that combining different types of study con-
tributors leads to loss of important information. For example,
performance bias combines the bias resulting from lack of
blinding of patients and surgeons. The blinding of these con-
tributors places specific demands on surgical RCT, and by
combining the resulting bias, the effect of patient blinding
may confound the measured effect of surgeon blinding or vice
versa. Therefore, it was decided during the analysis stage to
evaluate the presence and absence of blinding of the various
study contributors and present above all the planned second-
ary outcomes of the study protocol. Further, the significant
association of lack of a blinded surgeon and significant trial
results is mainly based on seven trials in which a blinding of
the surgeon was possible and none of these trials had a signif-
icant primary endpoint. Therefore, this result should be
interpreted with caution. Furthermore, the lack of reporting
of blinding led to a high rate of unclear risk of bias according
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to the Cochrane Handbook, which made the planned analysis
even more futile [4].

In conclusion, some aspects of blinding are specific to sur-
gical RCT. Generally, its potential has not yet been exhausted.
If blinding of the operating surgeon is feasible but not done,
this has a measurable effect on the outcome of an RCT.
Reporting guidelines for RCT and systematic reviews and
specific recommendations from this study should be consid-
ered during the planning, conduct, and reporting of surgical
studies.
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