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Abstract
Background: Liver transplant recipients suffer many complications, but few intraoperative interventions supported
by high-quality evidence have been found effective to reduce their incidence or severity. Fluid balance has been
proposed as an important aspect of perioperative care in high-risk recipients. We will conduct a systematic review
aimed at evaluating the effects of restrictive perioperative fluid management strategies compared to liberal ones on
clinically significant postoperative outcomes.
Methods: We will search through major databases (CINAHL Complete, EMB Reviews, EMBASE, MEDLINE, PubMed,
and the gray literature (CADTH, Clinical Trials, National Guideline Clearing House, NICE, MedNar, Google Scholar and
Open Grey)), from inception up to a date close to the review submission for publication, for eligible studies.
Randomized controlled trials and comparative non-randomized studies (prospective or retrospective) comparing two
fluid management strategies (or two outcomes with available data on fluid volume received for observational studies)
on adult liver recipients will be included. Eligible studies will have to report at least one postoperative complication or
mortality. Our primary outcome will be acute renal failure and our secondary exploratory outcomes will be all other
postoperative complications and mortality. Study selection and data abstraction using an electronic standardized form
will be performed by three authors. Risk of bias will be evaluated and data will be pooled if limited clinical diversity is
observed.
Discussion: Human organs available for transplantation are scarce resources. Strategies to improve recipients’ survival
are needed. We hypothesize that restrictive fluid management strategies will be associated with better postoperative
outcomes than liberal fluid management strategies. This systematic review will improve our understanding of
the available evidence and help us better inform future clinical trials.
Systematic review registration: This systematic review protocol is registered in PROSPERO (CRD42017054970).
Keywords: Liver transplantation, Complications, Fluid management, Fluid resuscitation, Fluid administration,
Goal-directed therapy, Phlebotomy, Restrictive fluid, Liberal fluid
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Background
Liver transplantation is the last line of therapy for severe
end-stage liver disease and is increasingly performed
throughout the world [1, 2]. In the past decade, overall
waiting list and post-transplant survival rates have increased alongside postoperative complications, a significant burden for patient care [3, 4]. Due to the scarcity of
human organs, strategies to improve recipients’ outcomes and organ survival are needed [2, 4].
Liver transplant recipients suffer, on average, more
than three postoperative complications, with over half of
them being severe [5, 6]. Several perioperative events
and factors seem associated with the risk of complications [5, 7–17]. Among these, perioperative fluid
management has been associated with postoperative
complications and proposed as an important aspect of
care in high-risk recipients [16, 18, 19]. A recent US survey revealed that more than 60% of anesthesiologists use
either phlebotomy or normovolemic hemodilution to reduce blood transfusions and improve post-transplant
outcomes, even though few of these interventions are
supported by high-quality evidence [20, 21]. The impact
of perioperative fluid balance on postoperative complications is better understood in other surgical populations,
with hundreds of different combinations of fluid management protocols and hemodynamic goals studied over
the past decade [22]. Perioperative fluid imbalance, defined as too little or too much fluid, was recently associated with a greater than 60% increase in postoperative
complications after major abdominal surgery [23]. Recent systematic reviews suggest that cardiac outputguided fluid administration, compared to either fixed restrictive or fixed liberal strategies, reduces postoperative
complications by 20–30% in patients undergoing major
surgery [24, 25, 26], thus underscoring the significant
role of fluid management in this population. More importantly, a recent multicenter clinical trial showed an
increased incidence of acute renal failure when a fixed
restrictive perioperative fluid strategy was compared to a
liberal one during major abdominal surgery [27]. Liver
transplantations were not included in any of these
studies.
Since evidence suggests that specific perioperative
fluid management strategies can improve or worsen
postoperative outcomes in many surgical populations,
that such strategies are being used in the liver transplant
population without high-quality data, and that physicians are eager to use perioperative fluid and blood volume management strategies to improve outcomes in this
population, the role of perioperative fluid management
strategies in liver transplantation needs to be better
understood [5, 7–16, 20, 21, 23–25, 26]. Therefore, we
will conduct a systematic review aimed at evaluating the
effects of a restrictive perioperative fluid management
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strategy compared to a liberal strategy on clinically significant outcomes in adult patients undergoing liver
transplantation.

Methods
Study design

This systematic review will be conducted according to
the standard methodology developed by the Cochrane
Collaboration [28], and the results will be reported according to the PRISMA statement [29]. This protocol
was designed according to the PRISMA-P statement (see
Additional file 1 for associated checklist) [30].
Research question

“What are the effects of a perioperative restrictive fluid
management strategy, compared to a liberal one, on
acute renal failure in adult patients undergoing liver
transplantation?” We hypothesize that the use of restrictive fluid management strategies will be associated
with a lower incidence of acute renal failure.
Search strategy and information sources

We will search the bibliographic electronic databases
CINAHL Complete (from 1937 onwards), EMB Reviews
(from 1991 onwards), EMBASE (from 1974 onwards),
MEDLINE (from 1946 onwards), PubMed (from inception), and the gray literature (CADTH, Clinical Trials,
National Guideline Clearing House, NICE, MedNar,
Google Scholar, and Open Grey, from inception) up to a
date close to the review submission for publication. The
search will incorporate words and expressions for two
conceptual groups: liver transplantation and fluid therapy.
For each database, we will use words and expressions
from controlled vocabulary (MESH, EMTREE, and others)
and free text searching. The search strategy, prepared by
an information specialist, is detailed in Additional file 2.
Snowballing method will also be used to identify other
studies within the references of selected studies. Hand
searching for relevant abstracts published in the annual
meeting supplements of the following organizations will
be performed for the years available on their website:
American Association for the Study of Liver Diseases
(AASLD), European Association for the Study of Liver
(EASL), International Liver Transplantation Society
(ILTS), American Society of Transplantation (AST), and
European Society of Organ Transplantation (ESOT).
Study eligibility

Studies will be eligible if they meet the following criteria
and report any outcome of interest to our study.
Types of studies

Randomized controlled trials, quasi-randomized trials,
and comparative non-randomized studies (prospective or
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retrospective) will be included. Randomized controlled trials will be considered if at least two different fluid management strategies are compared, one being more
restrictive than the other, regardless of the methods used.
Observational studies will be included if at least two
groups with different fluid management strategies, or different amounts of fluid administered, are compared. Observational studies with outcome-based reported groups
will also be included if the volume of fluid received can be
extracted for each group. Editorials, letters, narrative type
reviews, case reports, and animal studies will be excluded.
Participants

We will include studies if more than 80% of participants
are adults (≥ 18 years old or as defined in individual studies) undergoing liver transplantation alone (deceased or
living donor graft). We will exclude studies in which more
than 20% of the participants received a combined transplantation (liver + kidney, liver + lung or liver + heart).
Intervention

The intervention group will be composed of patients receiving a restrictive perioperative fluid management
strategy (applied in the intraoperative period, the postoperative period, or both). Any strategy or type of fluid
management protocol that limits the amount of fluid administered by the clinician will be considered a restrictive fluid strategy (early goal-directed protocols, weightbased protocols, low-CVP protocols, phlebotomies,
pre-determined volume management protocols, retrospectively classified received fluid strategy, etc.). In observational studies reporting groups with different
volumes of fluid received, the group with the lowest volume will be considered the intervention group.
Comparator

The control group will be composed of patients receiving a more liberal perioperative fluid management
strategy than the intervention group. Any type of fluid
management protocol will be considered.
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mechanical ventilation, ventilation-free days at
latest); cardiovascular complications (myocardial
infarction, arrhythmias, shock, thromboembolic
events); infectious complications (wound infection,
abdominal abscess, bacteremia, catheter-related
bloodstream infection, urinary tract infection).
 Perioperative bleeding; postoperative red blood cell
transfusions; postoperative procoagulant blood
products;
 Intensive care unit (ICU) length of stay and ICU
readmission; hospital length of stay.
Acute renal failure has been chosen as a primary outcome because of its high incidence following liver transplantation (13–71%), its association with intraoperative
events, the burden on postoperative care and mortality,
and because it is a patient-centered outcome [5, 6, 10,
11, 31, 32]. The worldwide low postoperative mortality
in this population (10% at 1 year) is highly likely to preclude the observation of a treatment effect from different perioperative interventions [1, 33]. Mortality is,
however, among our additional exploratory outcomes.

Year of publication and language

Eligibility will not be restricted by year nor by language
of publication.

Data management
Study selection

We will use the Endnote X8.2 software to merge retrieved titles, remove duplicates, and screen titles and
abstracts. Three investigators will review every potentially eligible citation to identify all relevant studies (one
investigator (FMC) will review all of them, and two
others (PA, MC) will each review half of them). Two
investigators (FMC, MC) will do a full-text review of
selected citations to confirm study eligibility before
extracting data. Disagreement will be resolved by consensus (FMC, MC, PA).

Outcome measures

Our main efficacy outcome is the incidence of acute
renal failure (any definition and any time point before 30
postoperative days).
Our additional exploratory outcomes are as follows:
 Mortality (hospital and latest reported mortality).
 Perioperative complications including (but not

restricted to): graft failure (any definition); biliary
complications (leak, strictures, and/or ischemic
cholangiopathy (any definition)); pulmonary
complications (pneumonia, pulmonary edema,
acute respiratory distress syndrome, duration of

Data abstraction

Two investigators (FMC and HTW) will independently
review every eligible study retrieved from the search and
extract data with a standardized electronic data extraction form (see Additional file 3). Studies in languages
other than English or French will be translated before
abstraction. Data will be kept in a secured database. Disagreement will be resolved by consensus. Authors of retrieved articles will be contacted for additional
information if deemed necessary, such as a potential
available but not reported outcome.
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Data items

We will retrieve data on study characteristics, population
characteristics, type of donor, perioperative period when
the intervention is applied (and the associated volume of
fluid received), type of intervention, type of fluid received, bleeding, transfusion of blood products, and
every reported review outcome. Co-interventions such
as the type of vasopressors used, the use of a coagulation
management protocol, and transfusion thresholds will be
also extracted.
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Collaboration, 2014). The measure of effect of dichotomous data will be risk ratios (RR) with 95% confidence
intervals and mean differences (MD) with 95% confidence intervals for continuous data. We will use random
effects models according to the DerSimonian-Laird
method to take into account the underlying variation
across studies. We will use the I2 measure of consistency
across trials to evaluate heterogeneity and will report
both this score and the Cochrane’s Q test [36].
Subgroup analyses

Risk of bias (ROB) assessment

ROB assessment will be performed at the study level in
all important domains for both the study’s primary outcome and review’s primary outcome (acute renal failure).
The effect of starting and adhering to the intervention
will be assessed. Two investigators (FMC and HTW) will
independently assess ROB. Disagreement will be resolved by consensus. ROB assessment for both outcomes, if available, will be reported for each individual
study using a risk of bias summary figure and detailed
information for each evaluated domain as a supplementary appendix.
The Cochrane ROB assessment tool 2.0 for randomized
trials will be used for RCTs [34]. For observational studies,
the ROBINS-I tool for non-randomized studies of interventions will be used and the following confounding domains that might influence selection of exposure (fluid
management received) and the measure of effect (complications) will be included in our ROB assessment: comorbidities, baseline severity of the underlying liver disease,
and baseline severity of non-liver organ failure [35]. Application of important co-interventions in both groups will
also be included in the ROB assessment of observational
studies, especially the use procoagulant blood products as
prophylaxis and the use of a coagulation management
protocol. Publication bias will be explored with a funnel
plot using a common significant outcome.
Data synthesis
Main analyses

We will summarily describe retrieved observational
studies and randomized controlled trials separately. We
will also report studies separately based on the timing of
the intervention (intraoperative, postoperative, or both).
We will detail study populations, fluid management protocols used, the type and amount of fluid, and blood
products received and outcomes (with definition and
time point used). In circumstances where pooling of
studies is deemed inappropriate, we will only provide a
qualitative discussion of the findings. If data pooling is
appropriate based on low clinical diversity across studies
(similar population and interventions), we will pool outcomes using Review Manager 5.3 (The Cochrane

We will perform a series of subgroup analyses based on
study characteristics to further explore our findings and
explain potential sources of heterogeneity. We will investigate (1) the risk of bias (low vs. high risk of bias),
(2) the difference in type of fluid management protocols
(goal-directed therapy vs. other protocols), (3) the difference in the type of fluid received (synthetic colloid vs.
not), (4) the difference in the use of a coagulation
management protocol as a co-intervention (use vs.
non-use), and (5) the type of graft used (living vs. cadaveric donor).
Summary of findings

We will summarize our findings in a table generated by
the GRADEpro web-based tool that will include the
quality of cumulative evidence using GRADE criteria
[37, 38]. All reported outcomes will be included.

Discussion
Perioperative complications in liver transplant recipients
are frequent, especially acute renal failure (13–71%), and
are associated with postoperative mortality [5, 6, 10, 11].
Since human organs available for transplantation are a
scarce resource, investigation of new perioperative strategies to improve recipients’ outcomes is required. There
is a paucity of high-quality evidence reporting the impact of different intraoperative interventions to achieve
these goals in the liver transplant population, and fluid
management is an important part of perioperative care.
We expect to find a limited number of clinical trials
and a moderate amount of observational studies with a
moderate to serious risk of bias. The strength of this systematic review will be the broad evaluation of available
evidence on perioperative fluid management strategies
by including all studies reporting at least one clinically
significant postoperative outcome. Our review will be
limited by the potentially low methodological quality of
the included studies, the possible clinical diversity between them, the probable insufficient power and information size to draw any definitive conclusions, and its
exploratory nature. If outcome data allow performance
of multiple meta-analyses, the use of multiple statistical
testing might also limit the interpretation of findings.
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Our systematic review will, however, improve our understanding of the available evidence and inform future research in the field.

Page 5 of 6

2.

3.

Additional files
Additional file 1: PRISMA-P 2015 Checklist. (PDF 5108 kb)

4.

Additional file 2: Search strategy. (DOCX 46 kb)
Additional file 3: Data extraction form. (DOCX 81 kb)
Acknowledgements
We would like to thank Ms. Daniela Ziegler, information specialist at the
CHUM’s library, for her help with the search strategy and future references
retrieval and M. Adnan-Haj Moustafa for his help in building the electronic
data abstraction form.
Funding
This review is funded by the Fondation du CHUM (“Don d’organes et
transplantation” section). Dr. Chassé is a recipient of a Career Award
Junior 1 from the Fonds de la Recherche du Québec – Santé. Dr.
Turgeon is the Canada Research Chair in Critical Care Neurology and
Trauma. The funding sources did not play any role in the review.

5.

6.

7.
8.

9.

10.
Authors’ contributions
FMC, MC, HTW, PA, MB, and AFT contributed to the conception and design
of the current protocol. FMC, MC, HTW, and PA will contribute to the study
selection and data extraction. FMC, MC, HTW, PA, MB, and AFT will
contribute to the data analysis and redaction of the final manuscript. FMC is
the guarantor of the review. Any amendment to this protocol will be
specified in the final manuscript. All authors read and approved the final
manuscript.
Competing interests
The authors declare that they have no competing interests.

11.
12.

13.

14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

15.

Author details
1
Department of Anesthesiology, Centre hospitalier de l’Université de
Montréal (CHUM), 1000, rue St-Denis, 4e étage, Pavillon D, porte D04-5028,
Montréal, Québec H2X 0C1, Canada. 2Department of Medicine - Critical Care
Division, Centre hospitalier de l’Université de Montréal (CHUM), 1000, rue
St-Denis, 10e étage, Pavillon D, porte D10-2143, Montréal, Québec H2X 0C1,
Canada. 3Centre de recherche du CHUM (CRCHUM), 900, rue Saint-Denis,
Montréal, Québec H2X 0A9, Canada. 4Department of Medicine - Critical Care
Division, CIUSSS de l’Est-de-l’île-de-Montréal - Hôpital
Maisonneuve-Rosemont, 5415 Boulevard de l’Assomption, Montréal, Québec
H1T 2M4, Canada. 5Liver Unit, Centre hospitalier de l’Université de Montréal
(CHUM), Université de Montréal, 1000, rue St-Denis, Montréal, Québec H2X
0C1, Canada. 6Population Health and Optimal Health Practices Unit (Trauma Emergency - Critical Care Medicine), CHU de Québec - Université Laval
Research Center, Université Laval, 1401, 18e rue, Québec, Québec G1J 1Z4,
Canada. 7Department of Anesthesiology and Critical Care Medicine, Division
of Critical Care Medicine, Université Laval, 1050 Avenue de la Médecine,
Québec, Québec G1V 0A6, Canada.

16.

17.

18.
19.

20.

21.

22.
Received: 27 December 2017 Accepted: 12 October 2018
23.
References
1. Adam R, Karam V, Delvart V, O’Grady J, Mirza D, Klempnauer J, et al.
Evolution of indications and results of liver transplantationin Europe. A
report from the European Liver Transplant Registry (ELTR). Journal of
Hepatology. European Association for the Study of the Liver. 2012;57:
675–88.

24.
25.

Organ Procurement and Transplantation Network (OPTN) and Scientic
Registry of Transplant Recipients (SRTR). OPTN/SRTR 2012 Annual Data
Report, vol. 2014. Rockville: Department of Health and Human Services,
Health Resources and Services Administration; 2014. p. 69–96.
Dutkowski P, Oberkofler CE, Béchir M, Müllhaupt B, Geier A, Raptis DA, et al.
The model for end-stage liver disease allocation system for liver
transplantation saves lives, but increases morbidity and cost: a prospective
outcome analysis. Liver Transpl. 2011;17:674–84.
Johnson RJ, Bradbury LL, Martin K, Neuberger J. Organ donation and
transplantation in the UK—the last decade. Transplantation. 2014;97:S1–S27.
Parikh A, Washburn KW, Matsuoka L, Pandit U, Kim JE, Almeda J, et al. A
multicenter study of 30 days complications after deceased donor liver
transplantation in the model for end-stage liver disease score era. Liver
Transpl. 2015;21:1160–8.
Pereira AA, Bhattacharya R, Carithers R, Reyes J, Perkins J. Clinical factors
predicting readmission after orthotopic liver transplantation. Liver Transpl.
2012;18:1037–45.
Gastaca M. Biliary complications after orthotopic liver transplantation: a
review of incidence and risk factors. Transplant Proc. 2012;44:1545–9.
Smoter P, Nyckowski P, Grat M, Patkowski W, Zieniewicz K, Wronka K, et al.
Risk factors of acute renal failure after orthotopic liver transplantation:
single-center experience. Transplant Proc. 2014;46:2786–9.
De Maria S, Nürnberg J, Lin HM, Contreras-Saldivar AG, Levin M, Flax K, et al.
Association of intraoperative blood pressure instability with adverse
outcomes after liver transplantation. Minerva Anestesiol. 2013;79:604–16.
Sirivatanauksorn Y, Parakonthun T, Premasathian N, Limsrichamrern S,
Mahawithitwong P, Kositamongkol P, et al. Renal dysfunction after
orthotopic liver transplantation. Transplant Proc. 2014;46:818–21.
Wiesen P, Massion PB, Joris J, Detry O, Damas P. Incidence and risk factors
for early renal dysfunction after liver transplantation. WJT. 2016;6:220.
Cywinski JB, Alster JM, Miller C, Vogt DP, Parker BM. Prediction of
intraoperative transfusion requirements during orthotopic liver
transplantation and the influence on postoperative patient survival. Anesth
Analg. 2014;118:428–37.
Rana A, Petrowsky H, Hong JC, Agopian VG, Kaldas FM, Farmer D, et al.
Blood transfusion requirement during liver transplantation is an important
risk factor for mortality. J Am Coll Surg. 2013;216:902–7.
Massicotte L, Carrier FM, Denault AY, et al. Development of a predictive
model for blood transfusions and bleeding during liver transplantation: an
observational cohort study. J Cardiothorac Vasc Anesth. 2018;32(4):1722–30.
Esmat Gamil M, Pirenne J, Van Malenstein H, Verhaegen M, Desschans B,
Monbaliu D, et al. Risk factors for bleeding and clinical implications in
patients undergoing liver transplantation. Transplant Proc. 2012;44:2857–60.
Taura P, Martinez-Palli G, Blasi A, Rivas E, Beltran J, Balust J. Intraoperative
management of high-risk liver transplant recipients: concerns and
challenges. Transplant Proc. 2016;48:2491–4.
Molenaar IQ, Warnaar N, Groen H, TenVergert EM, Slooff MJH, Porte RJ.
Efficacy and safety of antifibrinolytic drugs in liver transplantation: a
systematic review and meta-analysis. Am J Transplant. 2007;7:185–94.
Jiang G-Q. Individualized perioperative fluid therapy facilitating early-phase
recovery after liver transplantation. World J Gastroenterol. 2012;18:1981.
Lin YH, Cai ZS, Jiang Y, Lü LZ, Zhang XJ, Cai QC. Perioperative risk factors for
pulmonary complications after liver transplantation. J Int Med Res. 2010;38:
1845–55.
Schumann R, Mandell S, Mercaldo N, Michaels D, Robertson A, Banerjee A,
et al. Anesthesia for liver transplantation in United States academic centers:
intraoperative practice. J Clin Anesth. 2013;25:542–50.
Gurusamy KS, Pissanou T, Pikhart H, Vaughan J, Burroughs AK, Davidson BR.
Methods to decrease blood loss and transfusion requirements for liver
transplantation. In: Gurusamy KS, editor. Cochrane Database Syst Rev, vol.
63. Chichester: John Wiley & Sons, Ltd; 2011. p. CD009052.
Wilms H, Mittal A, Haydock MD, van den Heever M, Devaud M, Windsor JA.
A systematic review of goal directed fluid therapy: rating of evidence for
goals and monitoring methods. J Crit Care. 2014;29:204–9.
Varadhan KK, Lobo DN. A meta-analysis of randomised controlled trials of
intravenous fluid therapy in major elective open abdominal surgery: getting
the balance right. Proc Nutr Soc. 2010;69:488–98.
Corcoran T, Emma Joy Rhodes J, Clarke S, Myles PS, Ho KM. Perioperative fluid
management strategies in major surgery. Anesth Analg. 2012;114:640–51.
Pearse RM, Harrison DA, MacDonald N, Gillies MA, Blunt M, Ackland G, et al.
Effect of a perioperative, cardiac output–guided hemodynamic therapy

Carrier et al. Systematic Reviews

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

(2018) 7:180

algorithm on outcomes following major gastrointestinal surgery. JAMA.
2014;311:2181.
Boland MR, Noorani A, Varty K, Coffey JC, Agha R, Walsh SR. Perioperative
fluid restriction in major abdominal surgery: systematic review and metaanalysis of randomized. Clinical Trials World J Surg. 2013;37:1193–202.
Myles PS, Bellomo R, Corcoran T, Forbes A, Peyton P, Story D, et al.
Restrictive versus liberal fluid therapy for major abdominal surgery. N Engl J
Med. 2018;378:2263–74.
Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews
of Interventions Version 5.1.0. The Cochrane Collaboration, 2011. Available
from http://handbook.cochrane.org.
Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: the PRISMA
statement. PLoS Med. 2009;6:e1000097.
Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred Reporting Items for Systematic Review and Meta-Analysis
Protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;349:
g7647.
Hilmi IA, Damian D, Al-Khafaji A, Planinsic R, Boucek C, Sakai T, et al. Acute
kidney injury following orthotopic liver transplantation: incidence, risk
factors, and effects on patient and graft outcomes. Hemmings HC, editor. Br
J Anaesth. 2015;114:919–26.
Ojo AO, Held PJ, Port FK, Wolfe RA, Leichtman AB, Young EW, et al. Chronic
renal failure after transplantation of a nonrenal organ. N Engl J Med. 2003;
349:931–40.
Kim WR, Lake JR, Smith JM, Schladt DP, Skeans MA, Harper AM, et al. OPTN/
SRTR 2016 annual data report: liver. American Journal of Transplantation.
Wiley/Blackwell (10.1111). 2018;18 Suppl 1:172–253.
Higgins JPT, Sterne JAC, Savović J, Page MJ, Hróbjartsson A, Boutron I,
Reeves B, Eldridge S. A revised tool for assessing risk of bias in randomized
trials. In: Chandler J, McKenzie J, Boutron I, Welch V, editors. Cochrane
Methods. Cochrane Database of Systematic Reviews; 2016. p. 10. (Suppl 1).
Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ. 2016;355:i4919.
Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ. 2003;327:557–60.
Balshem H, Helfand M, Schünemann HJ, Oxman AD, Kunz R, Brozek J, et al.
GRADE guidelines: 3. Rating the quality of evidence. Journal of clinical
epidemiology. Elsevier Inc. 2011;64:401–6.
GRADEpro GDT. GRADEpro Guideline Development Tool [Software].
McMaster University; 2015. (developed by Evidence Prime, Inc.). Available
from gradepro.org

Page 6 of 6

