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A B S T R A C T

Background

Advances in minimally invasive surgery for live kidney donors have led to the development of laparoendoscopic single site donor
nephrectomy (LESS-DN). At present, laparoscopic donor nephrectomy is the technique of choice for donor nephrectomy globally.
Compared with open surgical approaches, laparoscopic donor nephrectomy is associated with decreased morbidity, faster recovery times
and return to normal activity, and shorter hospital stays. LESS-DN diGers from standard laparoscopic donor nephrectomy; LESS-DN
requires a single incision through which the procedure is performed and donor kidney is removed. Previous studies have hypothesised
that LESS-DN may provide additional benefits for kidney donors and stimulate increased donor rates.

Objectives

This review looked at the benefits and harms of LESS-DN compared with standard laparoscopic nephrectomy for live kidney donors.

Search methods

We searched the Cochrane Kidney and Transplant's Specialised Register to 28 January 2016 through contact with the Information Specialist
using search terms relevant to this review.

Selection criteria

We included randomised controlled trials (RCTs) that compared LESS-DN with laparoscopic donor nephrectomy in adults.

Data collection and analysis

Three authors independently assessed studies for eligibility and conducted risk of bias evaluation. Summary estimates of eGect were
obtained using a random-eGects model and results were expressed as risk ratios (RR) or risk diGerence (RD) and their 95% confidence
intervals (CI) for dichotomous outcomes, and mean diGerence (MD) and 95% CI for continuous outcomes.

Main results

We included three studies (179 participants) comparing LESS-DN with laparoscopic donor nephrectomy. There were no significant
diGerences between LESS-DN and laparoscopic donor nephrectomy for mean operative time (2 studies, 79 participants: MD 6.36 min, 95%
CI -11.85 to 24.57), intra-operative blood loss (2 studies, 79 participants: MD -8.31 mL, 95% CI -23.70 to 7.09), or complication rates (3
studies, 179 participants: RD 0.05, 95% CI -0.04 to 0.14). Pain scores at discharge were significantly less in the LESS-DN group (2 studies, 79
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participants: MD -1.19, 95% CI -2.17 to -0.21). For all other outcomes (length of hospital stay; length of time to return to normal activities;
blood transfusions; conversion to another form of surgery; warm ischaemia time; total analgesic requirement; graE loss) there were no
significant diGerences observed.

Although risk of bias was assessed as low overall, one study was assessed at high risk of attrition bias.

Authors' conclusions

Given the small number and size of included studies it is uncertain whether LESS-DN is better than laparoscopic donor nephrectomy. Well
designed and adequately powered RCTs are needed to better define the role of LESS-DN as a minimally invasive option for kidney donor
surgery.

P L A I N   L A N G U A G E   S U M M A R Y

Laparoendoscopic single-site donor nephrectomy (LESS-DN) versus standard laparoscopic donor nephrectomy

Background

Kidney transplantation is well established and has a vital role in improving quality of life and longevity for people with end-stage kidney
disease (ESKD). Open surgical techniques lead to more postoperative pain, a longer hospital stay and a poorer cosmetic outcome for
donors but advances in surgical techniques has meant that keyhole surgery is now the gold standard for removing donors' kidneys for
transplantation. Keyhole surgery has shorter recovery times, minimal scarring and better outcomes for both donor and recipient. An
alternative of this technique is for the surgeon to make a single incision (single site) in the patient's abdomen to enable removal of the
kidney.

We aimed to assess if LESS-DN provided benefits compared with standard laparoscopic donor nephrectomy.

Study characteristics

We searched to literature up to January 2016 and found three studies (reported in 5 publications that involved 179 participants) that
compared these two types of kidney donor surgeries.

Key results

LESS-DN was found to be as safe as standard keyhole surgical techniques; pain at discharge was significantly less with LESS-DN, however
there were no other discernible benefits over the standard technique.

Quality of the evidence

Overall, we found there was a low risk of bias for all studies; however, funding sources were not reported in two or three studies, and there
was high risk of attrition bias in one study. The small number of studies with few participants eligible for inclusion indicates a need for
future research in this area.

Laparoendoscopic single-site donor nephrectomy (LESS-DN) versus standard laparoscopic donor nephrectomy (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

2



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

B A C K G R O U N D

Description of the condition

Kidney transplantation involves the removal of a kidney from
one person and re-implantation into another who has little or no
native kidney function. Because nephrectomy for transplantation
can involve live donors, reducing postoperative morbidity is
paramount; hence, laparoscopic donor nephrectomy has become
the technique of choice globally for obtaining kidney graEs
from living donors for transplantation (Canes 2010; Kurien 2011;
Ramasamy 2011; Walsh 2012). Compared with open nephrectomy,
laparoscopic approaches are associated with decreased morbidity,
shorter hospital stays, rapid recovery period, quicker return to
normal daily activities, better cosmetic results, and reduced
postoperative pain (Kok 2006; Kurien 2011; Tugcu 2010; Wilson
2011).

Description of the intervention

Laparoendoscopic surgery has evolved from laparoscopic surgery
as technological advances have been made in the development
of multichannel single ports and curved articulating instruments
(Granberg 2010). Although various terms have been used
to describe this method, the LaparoEndoscopic Single Site
Surgery Consortium for Assessment and Research has agreed on
laparoendoscopic single-site surgery (LESS) (Gill 2010). Several
centres have published results of LESS donor nephrectomy
(LESS-DN), partial nephrectomy, pyeloplasty, and other urological
procedures (Canes 2010; Kurien 2011; Park 2010; Tugcu 2010; Walsh
2012).

Studies into graE function aEer LESS-DN have shown comparable
results compared to laparoscopic donor nephrectomy (Afaneh
2011; Canes 2010; Inoue 2015; Kurien 2011)

How the intervention might work

LESS-DN has been reported to be a safe and eGective alternative
to laparoscopic donor nephrectomy with better cosmetic results
and less postoperative pain (Canes 2010; Kurien 2011; Park 2010;
Ramasamy 2011; Tugcu 2010). Ramasamy 2011 found that LESS-DN
was as safe as laparoscopic donor nephrectomy performed using
the modified Clavien classification system. However, reported
advantages were derived from small cohort studies.

Laparoscopic donor nephrectomy is associated with lower rates of
morbidity which is hoped will encourage the evaluation of more
potential donors for surgery. It is anticipated that if LESS-DN was
found to demonstrate significant benefits and improved outcomes,
this may further stimulate kidney donor rates and successes (Canes
2010).

Why it is important to do this review

Dialysis is a viable treatment alternative for patients with
ESKD, particularly in settings with low donor rates. However,
dialysis is associated with increased morbidity and mortality
may significantly reduce long-term survival (Gajdos 2013; Suzuki
2012; Unsal 2012). Kidney transplantation provides a viable
option to improve long-term survival, and approaches to reduce
convalescence time, postoperative complications, and improve
cosmetic results are highly desirable outcomes for kidney donors
(Canes 2010; Soliman 2011). Faster recovery times and reduced

pain attributed to LESS-DN and laparoscopic nephrectomy can
improve immediate postoperative quality of life for kidney donors
and facilitate speedier return to normal activities such as work.

O B J E C T I V E S

This review looked at the benefits and harms of LESS-DN compared
with laparoscopic donor nephrectomy.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs) and quasi-RCTs
(RCTs in which allocation to treatment was obtained by alternation,
use of alternate medical records, date of birth or other predictable
methods) to look at comparisons of LESS-DN and laparoscopic
donor nephrectomy.

Types of participants

Inclusion criteria

Adults undergoing nephrectomy for live organ donation were
considered for inclusion.

Exclusion criteria

We excluded children and patients undergoing nephrectomy for
cancer or benign kidney disease.

Types of interventions

Studies comparing LESS-DN versus laparoscopic donor
nephrectomy were included. Comparisons of LESS-DN with
procedures other than laparoscopic donor nephrectomy were
excluded.

Types of outcome measures

Primary outcomes

1. Operative times

2. Estimated intra-operative blood loss

3. Postoperative pain scores

4. Complications.

Secondary outcomes

1. Length of hospitalisation

2. Length of time to return to normal activities

3. Blood transfusion rates

4. Conversion rates

5. Analgesic requirement postoperatively

6. Warm ischaemia time

7. Length of surgical wound, trocar size used

8. For donor nephrectomy: graE survival

9. Cost analysis.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Kidney and Transplant's Specialised
Register up to 28 January 2016 through contact with the
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Information Specialist using search terms relevant to this review.
The Specialised Register contains studies identified from several
sources.

1. Monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL)

2. Weekly searches of MEDLINE OVID SP

3. Handsearching of kidney-related journals and the proceedings
of major kidney conferences

4. Searching of the current year of EMBASE OVID SP

5. Weekly current awareness alerts for selected kidney and
transplant journals

6. Searches of the International Clinical Trials Register (ICTRP)
Search Portal and ClinicalTrials.gov.

Studies contained in the Specialised Register are identified through
search strategies for CENTRAL, MEDLINE, and EMBASE based on
the scope of Cochrane Kidney and Transplant. Details of these
strategies, as well as a list of handsearched journals, conference
proceedings and current awareness alerts, are available in the
Specialised Register section of information about Cochrane Kidney
and Transplant.

See Appendix 1 for search terms used in strategies for this review.

Searching other resources

1. Reference lists of clinical practice guidelines, review articles and
relevant studies.

2. Letters seeking information about unpublished or incomplete
studies to investigators known to be involved in previous
studies.

Data collection and analysis

Selection of studies

The search strategy described was used to obtain titles and
abstracts of studies that may be relevant to the review. Titles
and abstracts were screened independently by three authors who
discarded studies that were not applicable; however, studies and
reviews that might include relevant data or information on studies
were retained initially. Three authors independently assessed
retrieved abstracts and, if necessary the full text, of these studies to
determine which studies satisfied the inclusion criteria.

Data extraction and management

Data extraction was carried out independently by three authors
using standard data extraction forms. Studies reported in non-
English language journals were included. Where more than one
publication of one study existed, reports were grouped together
and only the publication with the most complete data was used
in the analyses. Where relevant outcomes were only published in
earlier versions these data were used. Any discrepancies between
published versions were highlighted. Disagreements were resolved
by consensus or arbitration by a third author where required.

Assessment of risk of bias in included studies

The following items were independently assessed by three authors
using the risk of bias assessment tool (Higgins 2011) (see Appendix
2).

• Was there adequate sequence generation (selection bias)?

• Was allocation adequately concealed (selection bias)?

• Was knowledge of the allocated interventions adequately
prevented during the study?
* Participants and personnel (performance bias)

* Outcome assessors (detection bias)

• Were incomplete outcome data adequately addressed (attrition
bias)?

• Are reports of the study free of suggestion of selective outcome
reporting (reporting bias)?

• Was the study apparently free of other problems that could put
it at a risk of bias?

Measures of treatment e=ect

Dichotomous outcomes, such as patient demographics,
complications, blood transfusion rates, conversion rates, and graE
survival, were expressed as risk ratios (RR) with 95% confidence
intervals (CI). Continuous outcomes, such as operative times, blood
loss, postoperative pain scores, length of hospital stay, length of
time to return to normal activities, and cost analysis were expressed
as mean diGerence (MD) or SMD if diGerent scales (e.g. pain scores)
were used. Where possible, the risk diGerence with 95% CI was to
be calculated for each outcome.

Unit of analysis issues

Only simple parallel group designs were available for comparison
of these surgical techniques.

Dealing with missing data

Any further information required from the original author
was requested by written correspondence (e.g. emailing the
corresponding author) and any relevant information obtained
in this manner was to be included in the review. Evaluation
of important numerical data such as screened, randomised
patients as well as intention-to-treat, as-treated and per-protocol
population was carefully performed. Attrition rates, for example
drop-outs, losses to follow-up and withdrawals were investigated.
Issues of missing data and imputation methods (e.g. last-
observation-carried-forward) were critically appraised (Higgins
2011).

Assessment of heterogeneity

Heterogeneity was analysed using a Chi2 test on N-1 degrees of
freedom, with an alpha of 0.05 used for statistical significance and

with the I2 test (Higgins 2003). I2 values of 25%, 50% and 75%
correspond to low, medium and high levels of heterogeneity.

Assessment of reporting biases

If possible, funnel plots were to be used to assess for the potential
existence of small study bias (study eGects versus study size)
(Higgins 2011). This could not be performed due to the small
number of included studies.

Data synthesis

Data were pooled using the random-eGects model and the fixed-
eGect model was also used to ensure robustness of the model
chosen and susceptibility to outliers.
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Subgroup analysis and investigation of heterogeneity

Subgroup analyses were to be used to explore possible sources of
heterogeneity (e.g. participants, analyses of the impact of studies
with poor methodology on the final result). Heterogeneity among
participants could be related to demographics such as age and
weight. Heterogeneity in treatments could be related to experience
of the operating surgeon or assisting staG. Unfortunately there were
insuGicient studies to permit subgroup analyses.

Sensitivity analysis

We planned to perform sensitivity analyses to explore the influence
of the following factors on eGect size, however there were in
suGicient studies to permit these analyses.

• Repeating the analysis taking account of risk of bias

• Repeating the analysis excluding any very long or large studies
to establish how much they dominate the results

• Repeating the analysis excluding studies using the following
filters:

* diagnostic criteria

* language of publication

* source of funding (industry versus other)

* country

* conversion rate

* donation versus kidney disease nephrectomy

* extraction site

R E S U L T S

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

The literature search identified six reports (four studies); one study
was excluded aEer screening abstracts and titles. We identified
three studies (five reports) that enrolled 179 participants which met
our inclusion criteria (Figure 1).

 

Figure 1.   Study flow diagram

 
Included studies

We included three small RCTs (Aull 2014; Kurien 2011;
Richstone 2013; 179 participants). Patient demographic data were
comparable between arms in all studies. All studies measured
postoperative pain using visual analogue pain scales/scores (VAPS/
VA), length of hospital stay, analgesic requirement, estimated blood
loss, operative duration, rates of conversion/complications and
warm ischaemia time.

Aull 2014 (3 reports; 100 participants) conducted a parallel RCT
that compared LESS-DN and laparoscopic donor nephrectomy at
a single centre in the USA. They assessed patient self-reported
"return to 100%" using de-identified postal questionnaires. "Return
to 100%" was measured by patients as the number of postoperative
days they felt they were functioning at full capacity within 30 days.
The study report did not include the questions asked, and the
questionnaire was not standardised or validated.
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Kurien 2011 (50 participants) performed a parallel RCT that
compared LESS-DN and laparoscopic donor nephrectomy in
inpatient and outpatient settings of a single institution in India.
The LESS-DN procedure was carried out by a single surgeon.
They measured diGiculty of surgical steps (VAS, 1 to 10); reported
patient cosmetic, quality of life and body image scores; measured
estimated GFR (eGFR) and graE complication rates among kidney
transplant recipients for one year aEer surgery.

Richstone 2013 (29 participants) reported outcomes of a parallel
RCT that compared Pfannenstiel LESS-DN and laparoscopic donor
nephrectomy at a single centre in the USA. They blinded patients
to the surgical intervention and attempted to blind postoperative
caregivers by placing identical dressings and sutures on patients'
abdomens.

Kurien 2011 and Richstone 2013 performed LESS-DN for patients
who required leE sided donor nephrectomy; those deemed more
suited to right donor nephrectomy were excluded. Aull 2014 had no
exclusion criteria and patients requiring right donor nephrectomy
were also included in this study.

Excluded studies

Tugcu 2010 compared single-site nephrectomy with standard
laparoscopic nephrectomy in the context of simple nephrectomy
for benign kidney disease.

Risk of bias in included studies

Overall the included studies showed a low level of bias (Figure 2).

 

Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study
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Allocation

All studies used an established method of randomisation. Aull
2014 involved a research coordinator to allocate patients to study
arms using a stratified and blocked randomisation developed by
a statistician, which ensured that aEer four patients were enrolled
in any given stratification two would be assigned to each study
arm. Kurien 2011 used a chit method using block randomisation,
which comprised of the assessor or participant taking a chit from a
container indicating the study arm to which they were designated
and then blocked to achieve equal numbers in each group.
Richstone 2013 used opaque envelopes to randomise patients and
allocation was concealed from participants, caregivers and data
assessors.

There was no reported concealment of randomisation from either
assessors or participants in Kurien 2011 and Aull 2014. Studies were
assessed at low risk of allocation bias.

Blinding

Aull 2014 did not report blinding of participants or assessors.
Kurien 2011 used de-identified data collection forms to assess
cosmetic and quality of life questionnaires. Richstone 2013 blinded
participants and postoperative carers by placing sham sutures and
dressings on the abdomens of both LESS-DN and laparoscopic
donor nephrectomy patients. We assessed that there was a low
risk of detection bias among the included studies. Aull 2014 and
Kurien 2011 were assessed as unclear level of performance bias
because they did not state if this was considered; however, we do
not believe this would have impacted the study's results or findings
significantly.

Incomplete outcome data

Aull 2014 reported that three participants were lost to follow-up
from the laparoscopic donor nephrectomy group and that 25%
of participants did not return questionnaires at the two month
assessment point which introduced a high level of attrition bias. No
participants withdrew or were removed from the study in Kurien
2011. Richstone 2013 reported that one patient required conversion
to laparoscopic donor nephrectomy but results were analysed on
an intention-to-treat basis.

Selective reporting

Our assessment found no evidence of selective reporting in any
included study (Aull 2014; Kurien 2011; Richstone 2013).

Other potential sources of bias

Aull 2014 received partial financial support from the Clinical
Translational Science Centre but this was considered to introduce
low risk of bias. Neither Kurien 2011 nor Richstone 2013 reported
funding sources, and were assessed as unclear.

E=ects of interventions

Primary outcomes

Operative times

There was no significant diGerence in operative times between
LESS-DN and laparoscopic donor nephrectomy (Analysis 1.1 (2

studies, 79 participants): MD 6.36 min, 95% CI -11.85 to 24.57; I2

= 21%). Aull 2014 reported data as median and range figures and
could not be incorporated into our analysis.

Estimated intra-operative blood loss

There was no significant diGerence in estimated intra-operative
blood loss between LESS-DN and laparoscopic donor nephrectomy
(Analysis 1.2 (2 studies, 79 participants): MD -8.31 mL, 95% CI -23.70

to 7.09; I2 = 0%). Data from Aull 2014 could not be incorporated into
our analysis.

Postoperative pain scores at discharge

VAPS at the time of hospital discharge was significantly less in the
LESS-DN patients compared to laparoscopic donor nephrectomy
patients (Analysis 1.3 (2 studies, 79 participants): MD -1.19, 95%

CI -2.17 to -0.21). There was moderate heterogeneity (I2 = 57%)
which could be accounted for by the use of non-standardised
scoring systems by each study. Data from Aull 2014 could not be
incorporated into our analysis.

Complications within 30 days of initial operation

Aull 2014 reported complications up to 30 days aEer the initial
operation. There was no significant diGerence in complications
between the two interventions and there was no significant
heterogeneity (Analysis 1.4 (3 studies, 179 participants): RD 0.05,

95% CI -0.04 to 0.14; I2 = 0%). Kurien 2011 reported that seven
patients sustained Clavien grade 1 complications (laparoscopic
donor nephrectomy (4); LESS-DN (3)). Two patients (one in each
group) sustained Clavien grade 2 complications. Richstone 2013
reported that one participant sustained an intra-operative serosal
tear, which was identified immediately and over sewn using the
LESS-DN technique. This patient went on to develop postoperative
ileus and increased length of stay (Richstone 2013).

Secondary outcomes

Hospital stay duration

LESS-DN did not result in significant reduction in length of hospital
stay (Analysis 2.1 (2 studies, 79 participants): MD -0.20 days, 95%

CI -1.12 to 0.72; I2 = 82%). Heterogeneity was high. There were no
relevant data that could be included for analysis from Aull 2014.

Length of time to return to normal activities

Aull 2014 found no reduction in time to return to normal activity
between LESS-DN and laparoscopic donor nephrectomy (Analysis
2.2 (100 participants): MD -3.00 days, 95% CI -11.35 to 5.35). Kurien
2011 and Richstone 2013 did not report on this outcome.

Blood transfusion rates

We found no significant reduction in blood transfusion
rates between the interventions (Analysis 2.3 (3 studies, 179

participants): RD -0.01, 95% CI -0.05 to 0.03; I2 = 0%).

Conversion rates

No patients undergoing laparoscopic donor nephrectomy were
reported to require conversion to open surgery; however Kurien
2011 and Richstone 2013 reported that two patients undergoing
LESS-DN required conversion to laparoscopic donor nephrectomy.
Aull 2014 reported conversion to hand-assisted laparoscopy
(Analysis 2.4 (3 studies, 179 participants): RD 0.05, 95% CI -0.02 to

0.12; I2 = 0%).
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Analgesia requirement postoperatively

All included studies used opiate (narcotic) based medication to
manage postoperative pain in patients. Analgesia requirement
and VAPS were recorded by all studies. We found no significant
reduction in analgesia use in the LESS-DN group (Analysis 2.6 (2

studies, 79 participants): MD 2.42 mg, 95% CI -38.10 to 42.94; I2

= 0%). Data from Aull 2014 could not be incorporated into our
analysis.

Warm ischaemia time

There was no significant diGerence in warm ischaemia time
between the two groups (Analysis 2.5 (2 studies, 79 participants):
MD 1.25 min, 95% CI -0.45 to 2.94). A high level of heterogeneity was

demonstrated in this analysis (I2 = 80%). There is no evidence this
is related to reporting bias and may be due to the experience of the
operating surgeon or the diGerent surgical techniques used. Data
from Aull 2014 could not be incorporated into our analysis.

Length of surgical wound, trocar size used

Kurien 2011 investigated wound length and found this to be
statistically shorter in the LESS-DN group (P < 0.0001). This did not
translate to a significant improvement in body image scores.

Gra* survival

There was no significant diGerence in graE loss between LESS-
DN and laparoscopic donor nephrectomy (Analysis 2.7 (2 studies,

150 participants): RD 0.01, 95% CI -0.06 to 0.04; I2 = 0%). Three
graEs were lost in total. One from a LESS-DN patient and two
from a laparoscopic donor nephrectomy. One death was due to
Clostridium di�icile colitis and the other two were attributed to
cardiogenic causes. Richstone 2013 did not report graE loss.

Cost analysis

Cost analyses were not performed by any of the included studies.

Other outcomes

Kurien 2011 found no significant diGerence in patient-perceived
scores for cosmetic outcome, body image or quality of life using
standardised patient self-scoring systems. Aull 2014 tracked days
to 100% recovery but found no significant diGerences between
participants in either study arm.

D I S C U S S I O N

Summary of main results

LESS-DN oGers an interesting development in minimally invasive
surgical techniques. However, we found a paucity of well-
designed RCTs comparing LESS-DN with standard laparoscopic
donor nephrectomy. Assessment demonstrated that LESS-DN
had no discernible technical, clinical or cosmetic superiority to
laparoscopic donor nephrectomy. Kurien 2011 concluded that in
the context of donor nephrectomy, cosmetic outcome was less
important to patients than recipient outcomes.

Kurien 2011 and Aull 2014 monitored postoperative kidney function
and graE data. Results from these studies showed no significant
increase in graE loss. Although these findings bode well for LESS-
DN, without more robust evidence it was not possible to determine
if LESS-DN was as safe physiologically as standard practice. Our

results show a high level of heterogeneity for the analysis of warm
ischaemia times, which was likely due to surgical expertise and that
studies used slightly diGerent surgical techniques (Kurien 2011;
Richstone 2013).

All included studies used VAPS to assess postoperative pain; we
found significantly less pain at discharge with LESS-DN (MD -1.19,
95% CI -2.17 to -0.21), with a moderate level of heterogeneity
which is most likely due to use of diGerent scoring systems. Kurien
2011 rated surgical diGiculty for LESS-DN and laparoscopic donor
nephrectomy and reported that graE retrieval was less challenging
using laparoscopic donor nephrectomy (1.32 ± 0.56 versus 3.48 ±
1.92; P < 0.0001). Limited data could be extracted from Aull 2014,
and many were not compatible with our methods. Attempts to
obtain raw data were unsuccessful.

Kurien 2011 was the only study to present complications using
the Clavien classification system. Aull 2014 and Richstone 2013
listed the type of complication but did not provide specific details
and so we could not grade these. As a result our analysis of
complications within 30 days of operation was performed on all
reported complication from each study rather than by grade of
complication. As a result we can only comment that complication
rates were similar between LESS-DN and laparoscopic donor
nephrectomy (RD 0.05, 95% CI -0.04 to 0.14), but cannot make a
judgement on the grade of these events and if they aGected patient
outcome.

Further adequately powered RCTs are needed to assess potential
benefits of LESS-DN for live kidney donors. However, given the
popularity of robotic techniques a recent meta-analysis indicated
that this approach may supersede LESS-DN (Autorino 2014).

Overall completeness and applicability of evidence

The included studies involved small numbers of participants. Much
of the operative data from Aull 2014 could not be extracted for meta-
analysis. Cost analyses were not reported in the included studies
and should be considered in future studies because this is likely
to be a key factor in its implementation. Future studies should
also endeavour to apply the use of well-recognised and established
scoring systems to measure data variables. This would aid future
meta-analyses.

Quality of the evidence

Although the included studies were well designed and assessed at
low risk of bias overall, their small size and limited number did not
permit robust conclusions to be derived from the available data.

Potential biases in the review process

Although a thorough search of the literature was conducted for this
review, a fundamental limitation was the small number of RCTs that
were eligible for inclusion, which was further compounded further
by the numbers of participants in each study. At a study level, Aull
2014 presented very few data that could be incorporated into our
analysis. An unsuccessful attempt was made to obtain raw data
from Aull 2014.
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Agreements and disagreements with other studies or
reviews

Autorino 2014 reported reduced analgesic requirements and lower
postoperative pain levels, we found less pain at discharge with
LESS-DN but no diGerence in analgesic requirements.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Standard laparoscopic donor nephrectomy remains the standard
of care for living kidney donor surgeries. While LESS-DN presents
an alternative approach, we did not find to be superior to current
practice. The decision to oGer LESS-DN to patients should continue
to be driven by local experience and availability, patient choice and
surgeon preference. Further research is required to establish the
role of LESS-DN in kidney donor surgery.

Implications for research

Large scale, multicentre RCTs providing operative and
postoperative data are needed to evaluate LESS-DN as an
alternative to laparoscopic donor nephrectomy. We suggest that
any future studies incorporate an objective and comprehensive
analysis of cost, quality of life measures and length of time to return
to work or full function. However, given the popularity of robotic
techniques a recent meta-analysis indicated that this approach
may supersede LESS-DN (Autorino 2014).
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Characteristics of included studies [ordered by study ID]

 

Methods • Study design: parallel RCT

• Study duration: January 2011 to May 2012

• Study follow-up: 5 years

Participants • Country: USA

• Setting: single centre; transplant inpatient and outpatient setting

• Health status: living kidney donors

• Number: treatment group (51); control group (49)

• Mean age ± SD (years): treatment group (46.80 ± 11.90); control group (47.40 ± 11.50)

• Sex (M/F): treatment group (22/29); control group (20/29)

• Exclusion criteria: authors reported that 'there were no exclusion criteria'

Interventions Treatment group

• LESS-DN
* Operating position: modified flank position

* Ports: GelPOINT® device (Applied Medical)

* Extraction method: Endo Catch (Covidien)

* Laparoscope: 10 mm bariatric laparoscope with right angle attachment

* Immunosuppression regimen: not reported

Control group

Aull 2014 
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• Laparoscopic donor nephrectomy
* Operating position: lateral decubitus

* Ports: 1 x 12 mm camera port, 2 x 5 mm standard laparoscopic ports

* Extraction method: 5 to 6 cm Pfannenstiel incision + Endo Catch (Covidien)

* Laparoscope: not reported

* Immunosuppression regimen: not reported

Outcomes Primary outcome

• Patient self-reported "return to 100% recovery"

Secondary outcomes

• Operative data

• Postoperative data (within 30 days)

• Donor subjective questionnaire scores

• Long-term follow-up (30 days to 5 years)
* Three patients lost to follow-up

* 25% patients did not return two month follow-up questionnaire

• Kidney transplant outcomes
* Delayed graE function

* Ureteral complications

* SCr (1, 6, 12 months postoperative)

* GraE survival

Notes • One author received a grant from Clinical Translational Sciences Centre (UL1-TR000457-08)

• Power calculation performed

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Stratified and blocked randomisation was performed"

Patients stratified according to three parameters: laterality, BMI > 30 and vas-
cular complexity

Allocation concealment
(selection bias)

Low risk "Consenting subjects were randomised by the research coordinator using
stratified and blocked randomisation generated by the study statistician"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not reported

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Not reported but not relevant to outcome data reporting

Incomplete outcome data
(attrition bias) 
All outcomes

High risk "Missing data for three patients in the LDN group who reported not being fully
recovered at 2 months, but who did not provide the actual time it took them to
recover"

Participants were lost from the laparoscopic donor nephrectomy arm which
may have introduced attrition bias

Aull 2014  (Continued)
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12/51 and 13/49 participants did not return two month follow-up question-
naires from LESS-DN and laparoscopic donor nephrectomy groups respective-
ly

Questionnaires related to the study's primary outcome

Selective reporting (re-
porting bias)

Low risk No bias identified

Other bias Low risk A study author received a grant from Clinical Translational Sciences Centre
(UL1-TR000457-08) but it is unlikely that this influenced study outcomes

Aull 2014  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: January 2009 to February 2010

• Study follow-up: 1 year

Participants • Country: India

• Setting: single centre, urology inpatient and outpatient setting

• Health status: living kidney donors

• Number: treatment group (25); control group (25)

• Mean age ± SD (years): treatment group (44.36 ± 10.06); control group (47.20 ± 11.38)

• Sex (M/F): treatment group (7/18); control group (8/17)

• Exclusion criteria: right sided nephrectomy; multiple renal arteries; circum-aortic renal vein; retro-
aortic renal vein; patient request for open nephrectomy; associated ipsilateral adrenal adenoma; BMI

> 25 kg/m2 (after 30 patients increased to > 27 kg/m2); no referent surgeon

Interventions Treatment group

• LESS-DN
* Operating position: not reported

* Ports: R-port (TriPort or QuadPort) (Advanced Surgical Concepts)

* Extraction method: Endo Catch II 15 mm surgical pouch (Covidien/Autosuture; Hamilton MH FX)

* Laparoscope: 5 mm, 30 degree telescope or 5 mm flexible tip telescope (EndoEYE)

* Immunosuppression regimen: not reported

Control group

• Laparoscopic donor nephrectomy
* Operating position: not reported

* Ports: 1 x 10 mm camera port, 3-4 standard laparoscopic ports

* Extraction method: Endo Catch II 15 mm Surgical Pouch (Covidien/Autosuture; Hamilton MH FX)

* Laparoscope: standard 10 mm laparoscope

* Immunosuppression regimen: not reported

Outcomes Primary outcome

• Postoperative pain scores (VAS 1 to 10) recorded at 12, 24, 36, 48, 60, 70 and 96 hours postoperatively

Secondary outcomes

• Operating time

• Analgesia requirement

• LOS

Kurien 2011 
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• Quality of life scores (SF36 v2 pre/postoperative and at 6 and 9 months)

• Body image questionnaire (score 5 to 20)

• Cosmetic questionnaire (score 3 to 24)

• Kidney graE function (eGFR measurement up 12 months postoperative)

Notes • Clinical parameters measured not defined in the methods

• Sudden cardiac death in the postoperative period (1 participant)

• Source of funding not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomised by chit method with block randomisation"

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No blinding performed: de-identified participant questionnaires assessed

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk "Health survey and body image questionnaire were filled up by our trained
transplant social worker who was blinded to the mode of nephrectomy"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All outcome data reported

Selective reporting (re-
porting bias)

Low risk None identified

Other bias Unclear risk Funding source not reported

Kurien 2011  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: January 2009 to November 2011

• Study follow-up: 3 days

Participants • Country: USA

• Setting: single centre, urology inpatient and outpatient setting

• Health status: living kidney donors

• Number: treatment group (15); control group (14)

• Mean age ± SD (years): treatment group (41.00 ± 14.00); control group (41.00 ± 11.00)

• Sex (M/F): treatment group (6/9); control group (11/3)

• Exclusion criteria: right sided donor nephrectomy determined by size; nephrolithiasis; relative kidney
function or vascular configuration

Interventions Treatment group

Richstone 2013 
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• LESS-DN
* Operating position: modified lateral decubitus

* Ports: 5 to 7 cm Pfannenstiel incision, GelPoint device or 3 standard trocars within one incision

* Extraction method: Endo Catch bag (US Surgical Corp, Norwalk, CT, USA), 5 to 7 cm Pfannenstiel
incision

* Laparoscope: 5 mm Olympus Deflecting-Tip EndoEYE™ laparoscope (Olympus America, centre Val-
ley, PA, USA)

* Immunosuppression regimen: not reported

Control group

• Laparoscopic donor nephrectomy
* Operating position: modified lateral decubitus

* Ports: Veress needle used at umbilicus, 1 x 5 mm port, 1 x 10 mm camera port, 1 x 10 to 12 mm port

* 1 x 10 to 12 mm port (optional)

* Extraction method: Endo Catch bag (US Surgical Corp, Norwalk, CT, USA), 5 to 7 cm Pfannenstiel
incision

* Laparoscope: standard laparoscope

* Immunosuppression regimen: not reported

Outcomes • Postoperative pain scores (VAPS)

• Analgesic use

• Operative time

• EBL

• Intra-operative IV fluids

• Warm ischaemia time

• Complications and conversion rates

• LOS

• Change in SCr

• Change in HCT

Notes • Power calculation performed

• Source of funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The subject was randomised by the surgical team via opaque envelope
method"

Allocation concealment
(selection bias)

Low risk "Patients were not informed of which approach would be used"; "LESS-DN
had 'sham' butterfly stitches"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Participants and postoperative carers blinded to allocation

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Analysis performed on de-identified data

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk None identified

Richstone 2013  (Continued)
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Selective reporting (re-
porting bias)

Low risk None observed

Other bias Unclear risk Funding source not reported

Richstone 2013  (Continued)

BMI - body mass index; EBL - estimated blood loss; eGFR - estimated glomerular filtration rate; HCT - haematocrit; IV - intravenous; LESS-
DN - laparoendoscopic single-site donor nephrectomy; LOS - length of stay; M/F - male/female; RCT - randomised controlled trial; SCr -
serum creatinine; SD - standard deviation; VAPS - visual analogue pain score
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Tugcu 2010 RCT looking at simple nephrectomy not donor nephrectomy

RCT - randomised controlled trial
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Primary outcomes

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Mean operative time 2 79 Mean Difference (IV, Random, 95%
CI)

6.36 [-11.85, 24.57]

2 Estimated intra-operative
blood loss

2 79 Mean Difference (IV, Random, 95%
CI)

-8.31 [-23.70, 7.09]

3 VAS score for pain at dis-
charge

2 79 Mean Difference (IV, Random, 95%
CI)

-1.19 [-2.17, -0.21]

4 Complications 3 179 Risk Difference (M-H, Random,
95% CI)

0.05 [-0.04, 0.14]

 
 

Analysis 1.1.   Comparison 1 Primary outcomes, Outcome 1 Mean operative time.

Study or subgroup LESS-DN LDN Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Kurien 2011 25 172.2 (38.3) 25 175.8 (47.6) 46.4% -3.63[-27.58,20.32]

Richstone 2013 15 143 (32) 14 128 (28) 53.6% 15[-6.85,36.85]

   

Total *** 40   39   100% 6.36[-11.85,24.57]

Heterogeneity: Tau2=36.76; Chi2=1.27, df=1(P=0.26); I2=21.18%  

Test for overall effect: Z=0.68(P=0.49)  

Favours LESS-DN 5025-50 -25 0 Favours LDN
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Analysis 1.2.   Comparison 1 Primary outcomes, Outcome 2 Estimated intra-operative blood loss.

Study or subgroup LESS-DN LDN Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Kurien 2011 25 84 (29.2) 25 92.4 (28.3) 93.35% -8.4[-24.33,7.53]

Richstone 2013 15 139 (87) 14 146 (77) 6.65% -7[-66.71,52.71]

   

Total *** 40   39   100% -8.31[-23.7,7.09]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.96); I2=0%  

Test for overall effect: Z=1.06(P=0.29)  

Favours LESS-DN 10050-100 -50 0 Favours LDN

 
 

Analysis 1.3.   Comparison 1 Primary outcomes, Outcome 3 VAS score for pain at discharge.

Study or subgroup LESS-DN LDN Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Kurien 2011 25 1.2 (0.7) 25 2.1 (0.9) 66.63% -0.84[-1.29,-0.39]

Richstone 2013 15 1.2 (1.3) 14 3.1 (2.1) 33.37% -1.9[-3.18,-0.62]

   

Total *** 40   39   100% -1.19[-2.17,-0.21]

Heterogeneity: Tau2=0.32; Chi2=2.33, df=1(P=0.13); I2=57.14%  

Test for overall effect: Z=2.39(P=0.02)  

Favours LESS-DN 42-4 -2 0 Favours LDN

 
 

Analysis 1.4.   Comparison 1 Primary outcomes, Outcome 4 Complications.

Study or subgroup LESS-DN LDN Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Aull 2014 7/49 4/51 53.83% 0.06[-0.06,0.19]

Kurien 2011 4/25 5/25 17.9% -0.04[-0.25,0.17]

Richstone 2013 1/15 0/14 28.27% 0.07[-0.1,0.24]

   

Total (95% CI) 89 90 100% 0.05[-0.04,0.14]

Total events: 12 (LESS-DN), 9 (LDN)  

Heterogeneity: Tau2=0; Chi2=0.83, df=2(P=0.66); I2=0%  

Test for overall effect: Z=1.01(P=0.31)  

Favours LESS-DN 0.50.25-0.5 -0.25 0 Favours LDN

 
 

Comparison 2.   Secondary outcomes

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 Length of hospitalisation 2 79 Mean Difference (IV, Random, 95% CI) -0.20 [-1.12, 0.72]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

2 Length of time to return
to normal activities

1 100 Mean Difference (IV, Random, 95% CI) -3.00 [-11.35, 5.35]

3 Blood transfusion rates 3 179 Risk Difference (M-H, Random, 95%
CI)

-0.01 [-0.05, 0.03]

4 Conversion rates 3 179 Risk Difference (M-H, Random, 95%
CI)

0.05 [-0.02, 0.12]

5 Warm ischaemia time 2 79 Mean Difference (IV, Random, 95% CI) 1.25 [-0.45, 2.94]

6 Total analgesic require-
ment

2 79 Mean Difference (IV, Random, 95% CI) 2.42 [-38.10, 42.94]

7 GraE loss 2 150 Risk Difference (M-H, Random, 95%
CI)

-0.01 [-0.06, 0.04]

 
 

Analysis 2.1.   Comparison 2 Secondary outcomes, Outcome 1 Length of hospitalisation.

Study or subgroup LESS-DN LDN Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Kurien 2011 25 3.9 (0.8) 25 4.6 (0.8) 53.19% -0.64[-1.08,-0.2]

Richstone 2013 15 2.4 (1.1) 14 2.1 (0.6) 46.81% 0.3[-0.34,0.94]

   

Total *** 40   39   100% -0.2[-1.12,0.72]

Heterogeneity: Tau2=0.36; Chi2=5.65, df=1(P=0.02); I2=82.3%  

Test for overall effect: Z=0.43(P=0.67)  

Favours LESS-DN 21-2 -1 0 Favours LDN

 
 

Analysis 2.2.   Comparison 2 Secondary outcomes, Outcome 2 Length of time to return to normal activities.

Study or subgroup LESS-DN LDN Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Aull 2014 49 30 (17) 51 33 (25) 100% -3[-11.35,5.35]

   

Total *** 49   51   100% -3[-11.35,5.35]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.7(P=0.48)  

Favours LESS-DN 2010-20 -10 0 Favours LDN
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Analysis 2.3.   Comparison 2 Secondary outcomes, Outcome 3 Blood transfusion rates.

Study or subgroup LESS-DN LDN Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Aull 2014 0/49 1/51 59.17% -0.02[-0.07,0.03]

Kurien 2011 0/25 0/25 30.04% 0[-0.07,0.07]

Richstone 2013 0/15 0/14 10.79% 0[-0.12,0.12]

   

Total (95% CI) 89 90 100% -0.01[-0.05,0.03]

Total events: 0 (LESS-DN), 1 (LDN)  

Heterogeneity: Tau2=0; Chi2=0.21, df=2(P=0.9); I2=0%  

Test for overall effect: Z=0.56(P=0.58)  

Favours LESS-DN 0.20.1-0.2 -0.1 0 Favours LDN

 
 

Analysis 2.4.   Comparison 2 Secondary outcomes, Outcome 4 Conversion rates.

Study or subgroup LESS-DN LDN Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Aull 2014 3/49 2/51 60.46% 0.02[-0.06,0.11]

Kurien 2011 2/25 0/25 28.41% 0.08[-0.05,0.21]

Richstone 2013 2/15 0/14 11.13% 0.13[-0.07,0.33]

   

Total (95% CI) 89 90 100% 0.05[-0.02,0.12]

Total events: 7 (LESS-DN), 2 (LDN)  

Heterogeneity: Tau2=0; Chi2=1.32, df=2(P=0.52); I2=0%  

Test for overall effect: Z=1.5(P=0.13)  

Favours LESS-DN 0.50.25-0.5 -0.25 0 Favours LDN

 
 

Analysis 2.5.   Comparison 2 Secondary outcomes, Outcome 5 Warm ischaemia time.

Study or subgroup LESS-DN LDN Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Kurien 2011 25 7.2 (1.8) 25 5.1 (1) 54.34% 2.04[1.22,2.86]

Richstone 2013 15 5.3 (2.3) 14 5 (1.1) 45.66% 0.3[-1,1.6]

   

Total *** 40   39   100% 1.25[-0.45,2.94]

Heterogeneity: Tau2=1.21; Chi2=4.92, df=1(P=0.03); I2=79.68%  

Test for overall effect: Z=1.44(P=0.15)  

Favours LESS-DN 42-4 -2 0 Favours LDN

 
 

Analysis 2.6.   Comparison 2 Secondary outcomes, Outcome 6 Total analgesic requirement.

Study or subgroup LESS-DN LDN Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Kurien 2011 25 118 (96.7) 25 120 (73.6) 72.37% -2[-49.64,45.64]

Richstone 2013 15 98 (146) 14 84 (42) 27.63% 14[-63.09,91.09]

   

Favours LESS-DN 10050-100 -50 0 Favours LDN
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Study or subgroup LESS-DN LDN Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Total *** 40   39   100% 2.42[-38.1,42.94]

Heterogeneity: Tau2=0; Chi2=0.12, df=1(P=0.73); I2=0%  

Test for overall effect: Z=0.12(P=0.91)  

Favours LESS-DN 10050-100 -50 0 Favours LDN

 
 

Analysis 2.7.   Comparison 2 Secondary outcomes, Outcome 7 GraL loss.

Study or subgroup LESS-DN LDN Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Aull 2014 1/49 1/51 78.2% 0[-0.05,0.06]

Kurien 2011 0/25 1/25 21.8% -0.04[-0.14,0.06]

   

Total (95% CI) 74 76 100% -0.01[-0.06,0.04]

Total events: 1 (LESS-DN), 2 (LDN)  

Heterogeneity: Tau2=0; Chi2=0.5, df=1(P=0.48); I2=0%  

Test for overall effect: Z=0.33(P=0.74)  

Favours LESS-DN 0.20.1-0.2 -0.1 0 Favours LDN

 

 

A P P E N D I C E S

Appendix 1. Electronic search strategies

 

Database Search terms

CENTRAL 1. MeSH descriptor Nephrectomy, this term only

2. (laparoscopic NEAR/5 nephrectom*):ti,ab,kw in Trials

3. (laparoendoscopic single site surgery):ti,ab,kw in Trials

4. (LESS-N):ti,ab,kw in Trials

5. (LESS NEXT nephrectom*):ti,ab,kw in Trials

6. (#1 OR #2 OR #3 OR #4 OR #5)

MEDLINE 1. Nephrectomy/

2. (laparoscopic adj5 nephrectom$).tw.

3. "laparoendoscopic single site surgery".tw.

4. "LESS-N".tw.

5. (LESS adj nephrectom$).tw.

6. or/1-5

EMBASE 1. exp nephrectomy/

2. (laparoscopic adj5 nephrectom$).tw.

3. "laparoendoscopic single site surgery".tw.

4. "LESS-N".tw.

5. (LESS adj nephrectom$).tw.

6. or/1-5
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Appendix 2. Risk of bias assessment tool

 

Potential source of bias Assessment criteria

Low risk of bias: Random number table; computer random number generator; coin tossing; shuf-
fling cards or envelopes; throwing dice; drawing of lots; minimization (minimization may be imple-
mented without a random element, and this is considered to be equivalent to being random).

High risk of bias: Sequence generated by odd or even date of birth; date (or day) of admission; se-
quence generated by hospital or clinic record number; allocation by judgement of the clinician; by
preference of the participant; based on the results of a laboratory test or a series of tests; by avail-
ability of the intervention.

Random sequence genera-
tion

Selection bias (biased alloca-
tion to interventions) due to
inadequate generation of a
randomised sequence

Unclear: Insufficient information about the sequence generation process to permit judgement.

Low risk of bias: Randomisation method described that would not allow investigator/participant to
know or influence intervention group before eligible participant entered in the study (e.g. central
allocation, including telephone, web-based, and pharmacy-controlled, randomisation; sequential-
ly numbered drug containers of identical appearance; sequentially numbered, opaque, sealed en-
velopes).

High risk of bias: Using an open random allocation schedule (e.g. a list of random numbers); as-
signment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or
non-opaque or not sequentially numbered); alternation or rotation; date of birth; case record num-
ber; any other explicitly unconcealed procedure.

Allocation concealment

Selection bias (biased alloca-
tion to interventions) due to
inadequate concealment of al-
locations prior to assignment

Unclear: Randomisation stated but no information on method used is available.

Low risk of bias: No blinding or incomplete blinding, but the review authors judge that the outcome
is not likely to be influenced by lack of blinding; blinding of participants and key study personnel
ensured, and unlikely that the blinding could have been broken.

High risk of bias: No blinding or incomplete blinding, and the outcome is likely to be influenced by
lack of blinding; blinding of key study participants and personnel attempted, but likely that the
blinding could have been broken, and the outcome is likely to be influenced by lack of blinding.

Blinding of participants and
personnel

Performance bias due to
knowledge of the allocated
interventions by participants
and personnel during the
study

Unclear: Insufficient information to permit judgement

Low risk of bias: No blinding of outcome assessment, but the review authors judge that the out-
come measurement is not likely to be influenced by lack of blinding; blinding of outcome assess-
ment ensured, and unlikely that the blinding could have been broken.

High risk of bias: No blinding of outcome assessment, and the outcome measurement is likely to be
influenced by lack of blinding; blinding of outcome assessment, but likely that the blinding could
have been broken, and the outcome measurement is likely to be influenced by lack of blinding.

Blinding of outcome assess-
ment

Detection bias due to knowl-
edge of the allocated interven-
tions by outcome assessors.

Unclear: Insufficient information to permit judgement

Incomplete outcome data

Attrition bias due to amount,
nature or handling of incom-
plete outcome data.

Low risk of bias: No missing outcome data; reasons for missing outcome data unlikely to be relat-
ed to true outcome (for survival data, censoring unlikely to be introducing bias); missing outcome
data balanced in numbers across intervention groups, with similar reasons for missing data across
groups; for dichotomous outcome data, the proportion of missing outcomes compared with ob-
served event risk not enough to have a clinically relevant impact on the intervention effect esti-
mate; for continuous outcome data, plausible effect size (difference in means or standardized dif-
ference in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size; missing data have been imputed using appropriate methods.
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High risk of bias: Reason for missing outcome data likely to be related to true outcome, with either
imbalance in numbers or reasons for missing data across intervention groups; for dichotomous
outcome data, the proportion of missing outcomes compared with observed event risk enough to
induce clinically relevant bias in intervention effect estimate; for continuous outcome data, plausi-
ble effect size (difference in means or standardized difference in means) among missing outcomes
enough to induce clinically relevant bias in observed effect size; ‘as-treated’ analysis done with
substantial departure of the intervention received from that assigned at randomisation; potentially
inappropriate application of simple imputation.

Unclear: Insufficient information to permit judgement

Low risk of bias: The study protocol is available and all of the study’s pre-specified (primary and
secondary) outcomes that are of interest in the review have been reported in the pre-specified way;
the study protocol is not available but it is clear that the published reports include all expected out-
comes, including those that were pre-specified (convincing text of this nature may be uncommon).

High risk of bias: Not all of the study’s pre-specified primary outcomes have been reported; one or
more primary outcomes is reported using measurements, analysis methods or subsets of the data
(e.g. subscales) that were not pre-specified; one or more reported primary outcomes were not pre-
specified (unless clear justification for their reporting is provided, such as an unexpected adverse
effect); one or more outcomes of interest in the review are reported incompletely so that they can-
not be entered in a meta-analysis; the study report fails to include results for a key outcome that
would be expected to have been reported for such a study.

Selective reporting

Reporting bias due to selective
outcome reporting

Unclear: Insufficient information to permit judgement

Low risk of bias: The study appears to be free of other sources of bias.

High risk of bias: Had a potential source of bias related to the specific study design used; stopped
early due to some data-dependent process (including a formal-stopping rule); had extreme base-
line imbalance; has been claimed to have been fraudulent; had some other problem.

Other bias

Bias due to problems not cov-
ered elsewhere in the table

Unclear: Insufficient information to assess whether an important risk of bias exists; insufficient ra-
tionale or evidence that an identified problem will introduce bias.

  (Continued)
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