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Review Objective
To systematically review the risk of coagulation when combining human blood products containing red blood cells with lactated Ringer’s solution (LRS) as compared to other crystalloid solutions. 
Searches
The search strategies outlined below were developed in conjunction with a health information specialist using PRESS guidelines. Embase, BIOSIS, MEDLINE, and Web of Science will be searched. The original strategy (below) was designed to search MEDLINE and was adapted for use in each database. There were no language or date restrictions, with databases searched from inception to 21 March 2016. In addition, a manual review of the bibliographies of eligible studies and relevant review articles will be performed. Proceedings and abstracts from the AABB conference for the previous 5 years will also be searched. 
Condition or Domain Being Studied
Crystalloid fluids and red-cell-containing blood products are commonly used for resuscitation of patients in hemorrhagic shock. In Canada, two crystalloid fluids—Lactated Ringer’s solution (LRS) and normal saline (NS)—account for over 90% of crystalloids used, with LRS having potential clinically relevant advantages over NS in initial resuscitation efforts. However, current transfusion guidelines advise against co-administration of red-blood-cell containing products with LRS because of the potential for clot formation, potentially leading to negative patient outcomes. The evidence supporting these guidelines is conflicting. Original studies conducted in the 1970s and 80s demonstrated the potential for small amounts of calcium in LRS to overwhelm anticoagulants in whole blood for transfusion, resulting in clot formation at higher LRS-to-blood product ratios. Research published since 2000 has suggested that certain blood product additives and rapid transfusion methods currently in use may reduce the potential for LRS to induce coagulation. A systematic review of the available literature is necessary to summarize the evidence in a methodologically rigorous manner.
Types of studies
1) Experimental ex vivo studies that include an intervention arm (blood product and Ringer’s lactate) and a control arm (blood product and either normal saline and or Plasmalyte)
2) Experimental ex vivo studies that include single-arm dose-responses (i.e., comparisons of varying ratios of LRS combined with red-cell-containing blood product).
3) In vivo studies with a comparator, whether randomized or non-randomized will be included. Case reports, case series, and non-primary research (e.g., editorials, letters) and syntheses (e.g., reviews, systematic reviews) will be excluded.  
Tissue/Participants/Population
Inclusion: Given the ex vivo design of the expected included studies, a “tissue” of interest is more relevant than a “population” of interest. The tissue of interest is any human blood product containing red blood cells that was processed for transfusion. For any in vivo studies identified, the population of interest is any hospitalized patient in receipt of transfusion of a blood product containing red blood cells.
Exclusion: Tissue: plasma and platelet concentrates
Interventions
The intervention of interest is Lactated Ringer’s Solution or Hartmann’s Solution co-administered with red-cell-containing blood products.
Comparator(s) / Control(s)
Any crystalloid fluid co-administered with red-cell-containing blood products will be considered a valid comparator. The list of valid comparators will include normal saline and Plasma-Lyte, and will be further populated from the included studies. 
Outcomes
The primary outcome of interest will be clotting of the blood product ex vivo, whether that is measured macroscopically in the blood samples or on filters, biochemically (e.g., enzyme-linked immunosorbent assay of prothrombin activation fragment 1 + 2), or through other methods. Data will be extracted for these outcomes at all crystalloid:blood-product ratios and at all studied time points and incubation temperatures.
Data Extraction
The available literature will be screened for relevance by two independent reviewers at two levels. Initially, all titles and abstracts will be screened, with both reviewers being required to exclude a study but only one reviewer required for inclusion. Subsequently, the full texts of all potentially relevant studies will be screened in the same manner. Data will be extracted by two independent reviewers from all studies deemed relevant after full text screening. 
All conflicts during relevance screening and data extraction will be resolved by consensus, with final resolution through discussion with the primary investigator, if necessary. Relevance screening and data extraction will be conducted on piloted, standardized forms, using the online systematic review software SRDistiller® (https://distillercer.com/) and Excel (Microsoft Corp). 
The following manuscript-level data will be extracted: first author’s last name, year of publication, country of study or of corresponding author.
Study-level data will include the following (draft only):
· Type of blood product used
· Whole blood
· Packed red cell concentrate
· Anti-coagulants and additives added to the red-cell product (check all that apply)
· Citrate alone
· CPD (citrate-phosphate-dextrose)
· CPD2 (citrate-phosphate-double-dextrose)
· AS-1
· AS-3
· SAGM (saline-adenine-gluose-mannitol)
· Other (please specify)
· Type(s) of crystalloids used (check all that apply)
· LRS
· Normal saline (check if used alone or in combination with dextrose)
· Dextrose (check if used alone or in combination with saline)
· PlasmaLyte
· Other (please specify)
· Study type
· Ex vivo experiment comparing LRS to another crystalloid fluid
· Ex vivo single-arm dose-response experiment of LRS (evaluates different concentrations, times, etc.)
· In vivo experimental design, randomized or non-randomized, with any number of arms
· In vivo observational study, excluding case reports and case series

· Narrative description of the experimental procedure, including description of experimental design (e.g., fluids and blood product mixed in tubes or in transfusion set for ex vivo designs), concentrations of mixtures studied, number of replicates, temperature(s) at which experiments were conducted (or whether blood or mixture went through a warmer in transfusion set), time points at which outcome was measured
· How was coagulation measured?
· Visual inspection, no filter
· Visual inspection of filter
· Microscopy
· Prothrombin activation fragment 1+2
· Other method (please describe)
· Narrative summary of results, including any quantitative data reported. 
Risk of Bias (Methodological Quality) Assessment
Elements from the Cochrane risk of bias tool for randomized studies and the Guidance on Good Cell Culture Practice (a report of the Second European Centre for the Validation of Alternative Methods (ECVAM) Task Force on Good Cell Culture Practice, 2005) were adapted to create a tool for the assessment of bias in and the methodological quality of ex vivo studies. The included elements are the following:
a. Performance bias
· Were the researchers conducting the experiment blinded?
b. Detection bias
· Were the outcome assessors blinded?
c. Attrition bias
· Was there complete outcome data? (i.e., were all the samples accounted for in the reported results?)
d. Reporting bias
· Was there non-selective outcome reporting? (i.e., were all the tests identified in the Methods section reported in the Results section?)
e. Other bias
· Did the red cell product(s) used in the experiment(s) meet accepted transfusion standards at the time of the study? (e.g., blood underwent standard processing, handling, and maintenance at a blood bank [it would be sufficient to report that blood had been obtained from a blood bank rather than from study volunteers]; blood was used within its expiry date; blood had not been discarded from blood bank)

· Was the crystalloid used obtained from an industry source? (i.e., the name of the manufacturer must be cited)
Possible response options for all risk of bias questions will be “Yes” (low bias), “No” (high bias), and “Unclear” (unclear bias). Studies will be considered to have a low risk of bias overall for the coagulation outcome if all responses are “Yes.” Any “No” response will result in an overall high risk of bias, while a combination of “Yes” and “Unclear” responses will be considered to be an unclear risk of bias overall. 
Strategy for Data Synthesis
The number of relevant studies is expected to be low and their heterogeneity high. Thus, a meta-analysis of the data will be unlikely and qualitative syntheses will be conducted and reported narratively. Sources of heterogeneity will be explored and qualitative syntheses for subgroups will be conducted where possible (see below).
Analysis of Subgroups
Qualitative subgroup analyses will be conducted and discussed in the narrative summary, where appropriate. Subgroups considered will include the following:
1) the type of red-cell containing blood product (e.g., whole blood vs packed red cells), leukocyte-reduced vs. non-leukocyte-reduce blood product,
2) the presence and type of additive in the blood product, the age and temperature of the blood product, variability in donor characteristics (e.g., whether more than one donor was used in evaluations),
3) type of tubing used
4) the ratio of crystalloid fluid to blood product volume assessed, and
5) [bookmark: _GoBack]time of assessment post-mixing of crystalloid fluid and blood product.
Narrative analysis by these specific subgroups will capture changes in transfusion products and practice that have occurred over time.
Current Stage of Review
Currently, the search strategies have been developed and an initial database of references compiled. Questions for title/abstract screening have been drafted and are being piloted. Questions for full-text screening and data extraction have also been drafted.
Knowledge Dissemination
Findings of this systematic review will be presented at relevant conferences (e.g., AABB conference, October 2016), published in a peer-reviewed journal, and shared with Canadian Blood Services and other blood agencies, nationally and internationally. 
MEDLINE Search Strategy
Database: Embase Classic+Embase <1947 to 2016 March 18>, Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) <1946 to Present>
Search Strategy:
--------------------------------------------------------------------------------
1     *Ringer lactate solution/ (1958)
2     ringer*.tw. (30655)
3     *hartmann solution/ (107)
4     (hartmann* adj5 solution).tw. (470)
5     or/1-4 (32054)
6     blood transfusion/ (170416)
7     blood component therapy/ or erythrocyte transfusion/ (26945)
8     ((red blood cell* or red cell* or erythrocyte* or rbc) and (transfus* or component* or coadministrat* or co administrat* or concentrate*)).tw. (71620)
9     ((packed or stored) adj3 cell*).tw. (26345)
10     erythrocyte concentrate/ (6639)
11     blood clotting/ (104524)
12     (coagulat* or clot or clotting).tw. (273473)
13     or/6-12 (559248)
14     5 and 13 (1488)
15     (exp animal/ or nonhuman/) not exp human/ (10332314)
16     14 not 15 (954)
17     16 use emczd (636)
18     ringer*.tw. (30655)
19     (hartmann* adj5 solution).tw. (470)
20     18 or 19 (31092)
21     blood transfusion/ or exp blood component transfusion/ (214993)
22     Erythrocytes/ (285541)
23     ((red blood cell* or red cell* or erythrocyte* or rbc) and (transfus* or component* or coadministrat* or co administrat* or concentrate*)).tw. (71620)
24     ((packed or stored) adj3 cell*).tw. (26345)
25     Blood Coagulation/ (101015)
26     (coagulat* or clot or clotting).tw. (273473)
27     or/21-26 (828134)
28     20 and 27 (1854)
29     animals/ not humans/ (5330346)
30     28 not 29 (1542)
31     30 use prmz (377)
32     17 or 31 (1013)
33     remove duplicates from 32 (756)
34     33 use prmz (373)  Medline
35     33 use emczd (383)  Embase
