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Outcomes of restrictive versus liberal transfusion strategies 
in older adults from nine randomised controlled trials: 
a systematic review and meta-analysis 
Geoff I Simon, Alison Craswell, Ogilvie Thom, Yoke Lin Fung1 

 

Summary 

Background Guidelines for patient blood management recommend restrictive transfusion 

practice for most adult patients. These guidelines are supported by evidence from 

randomised controlled trials (RCTs); however, one of the patient groups not explicitly 

examined in these studies is the geriatric population. We examined RCTs relevant to 

transfusion outcomes in older patients. Our aim was to determine whether special guidelines 

are warranted for geriatric patients, recognising the different pathophysiological 

characteristics of this group. 

Methods For this systematic review and meta-analysis, we searched PubMed, Scopus, and 

the Cochrane Library databases from their inception to May 5, 2017, for evidence relating to 

transfusion outcomes in adults aged 65 years and older. This criterion was widened to 

include RCTs where a substantial proportion of the study population was older than 65 

years. We also included study populations of all clinical settings, and did not limit the search 

by date, language, or study type. For articles not in English, only available translations of the 

abstracts were reviewed. Studies were excluded if they did not specify age. Observational 

studies and duplicate patient and outcome data from studies that generated multiple 

publications were also excluded. We screened bibliographies of retrieved articles for 

additional publications. We analysed data extracted from published RCTs comparing 

restrictive and liberal transfusion strategies in older adults. We generated fixed effects risk 

ratios (RR) for pooled study data using the Mantel-Haenszel method. Primary outcomes 

were 30-day and 90-day mortality events for patients enrolled in restrictive and liberal 

transfusion study groups. We included intention-to-treat outcome data in the meta-analysis 

when available, otherwise we used per-protocol outcome data. 

Findings 686 articles were identified by the search, and a further 37 by the snowball 

approach. Of these articles, 13 eligible papers described findings from nine RCTs (five trials 

investigating orthopaedic surgery, three cardiac surgery, and one oncology surgery; 

including 5780 patients). The risk of 30-day mortality was higher in older patients who 

followed a restrictive transfusion strategy than in those who followed a liberal transfusion 

strategy (risk ratio [RR] 1·36, 95% CI 1·05–1·74; p=0·017). The risk of 90-day mortality was 

also higher in those who followed a restrictive transfusion strategy than in those who 

followed a liberal transfusion strategy (RR 1·45, 95% CI 1·05–1·98; p=0·022). 
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Interpretation Liberal transfusion strategies might produce better outcomes in geriatric 

patients than restrictive transfusion strategies. This outcome contradicts current restrictive 

transfusion approaches. Population ageing will challenge resources globally, and this finding 

has implications for blood supply and demand, and optimal care of older adults. Further 

research is needed to formulate evidence-based transfusion practice across clinical 

specialties specific to the geriatric population, and to examine resource effects. 

Funding Australia’s National Blood Authority. 

Introduction 

Currently, a range of blood transfusion guidelines developed by diverse organisations in 

different countries exists. Guidelines are supported by studies that have reported that 

restrictive transfusion strategies do not produce worse outcomes than liberal strategies, with 

restrictive transfusion conserving resources and minimising patient exposure to allogenic 

blood.1–5 An accumulating body of evidence is based on randomised controlled trials 

(RCTs).1 One of the patient groups not explicitly examined in most studies of transfusion 

strategies is the geriatric population.6–8 

Consideration of general guidelines and individual patient condition is important in making 

transfusion decisions.9 For geriatric patients, underlying comorbidities might alter their 

physiological reserve and their ability to respond to a range of stressors. Among the 15 

diseases with the highest burden for the older adult population, those with implications for 

transfusion decision making include ischaemic heart disease, stroke, and chronic obstructive 

pulmonary disease.10 It is unclear whether increasing age per se creates circumstances of 

increased risk associated with anaemia and transfusion.11 The perceived frailty of a geriatric 

individual might be of greater importance than their chronological age when determining 

appropriate courses of treatment.12 

Evidence regarding links between morbidity, mortality, and blood transfusion is conflicted. 

Some observational studies have reported worse outcomes associated with transfusion, 

such as increased mortality, cardiac complications, infection incidence, and length of 

hospital stay.13,14 Several studies report no effect of transfusion on those outcomes, whereas 

some studies indicate reduced or increased numbers of complications and mortality 

associated with transfusion.13,14 

Specific patient blood management guidelines have been developed to recognise the 

special needs of the paediatric population.15,16 Patients aged 65 years and older (from now 

on referred to as older adults) use the greatest proportion of the blood supply.17–19 

Recognising the accumulation of comorbidities and changes in physiological function and 

capacity with age, we postulate that specific patient blood management guidance is 

warranted for this older population. 

In this paper, we critically assessed the findings from several RCTs that had examined 

restrictive versus liberal transfusion strategies in older adults, as distinct from the patient 

population of younger adults. We present a meta- analysis of outcome data related to 

mortality, cardiac complications, myocardial infarction, infection incidence, and length of 

hospital stay. 

http://dx.doi.org/10.1016/S2352-3026(17)30141-2
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Methods 

Search strategy and selection criteria 

We did a systematic review following the PRISMA20 guideline to assess the quality and 

quantity of peer-reviewed, geriatric-transfusion-specific evidence. Subsequently, we did a 

meta-analysis with the RCTs yielded from the search. 

Research in context  

Evidence before this study 

Much effort has been directed towards development of patient blood management 

strategies and guidelines. There is now increased focus on assessment of individual risk 

and benefit during transfusion decision making. Paediatric guidelines have been published, 

recognising the special physiological needs of young patients. However, we did not identify 

any specific patient blood management guidelines for older patients. 

We did a literature review and examined evidence from randomised controlled trials (RCTs) 

regarding transfusion outcomes for older patients. We searched PubMed, Scopus, and the 

Cochrane Library databases from their inception to May 5, 2017. The search was not 

limited by clinical setting, date, language, or study type. Articles not in English were 

excluded if translations of the abstracts were not available, and if studies did not specify 

age. Observational studies and duplicate patient and outcome data from studies that 

generated multiple publications were also excluded. Medical Subject Headings and free-

text terms relating to the concepts of geriatric and transfusion were used. 13 papers 

relating to nine recent RCTs with a geriatric focus were identified. The studies examined 

orthopaedic, cardiac, and oncology surgery settings. Outcome data for 5780 patients from 

these RCTs were included in our meta-analysis and assessment of bias, following 

Cochrane and PRISMA methods. 

Added value of this study 

To our knowledge, this study is the first published meta-analysis of RCTs focused on 

geriatric-specific transfusion outcomes. Pooled RCT outcome data analysed in our study 

identify that liberal transfusion strategies had better geriatric patient outcomes with respect 

to 30-day and 90-day mortality and cardiovascular complications than restrictive transfusion 

strategies. Risk of myocardial infarction showed no difference; and risks of infections and 

length of hospital stay were equivalent between the transfusion groups. These findings 

bring into question the appropriateness of restrictive transfusion strategies for older 

patients. It highlights the need for geriatric-specific consideration in the development and 

revision of patient blood management guidelines, to bookend the paediatric guidelines that 

have been developed. 

Implications of all the available evidence 

There is a growing body of evidence from RCTs to address several conflicts in transfusion 

medicine. RCT evidence was identified that is specific to transfusion in older adults. 

Meta-analysis of these RCTs indicates that liberal transfusion strategies might provide 

better outcomes for the geriatric patient groups included in the studies than restrictive 

transfusion strategies. Further geriatric-specific studies are needed to guide the 

development and revision of patient blood management and transfusion guidelines for older 

adults. 

http://dx.doi.org/10.1016/S2352-3026(17)30141-2
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The research team developed and agreed on the search and screening protocols (appendix 

p 1) before the database searches were done. The initial inclusion criteria of the search 

strategy were study findings specific to patients aged 65 years or older, and study 

populations of all clinical settings. However, limiting the inclusion of articles to studies of 

patients aged 65 years and older yielded only three RCTs. Hence, this inclusion criterion 

was widened to include RCTs for which a substantial proportion  of  the  study  population  

was  older than 65 years. Although some included studies had age recruitment criteria 

commencing at 16 years or 18 years, the mean age for all studies was at least 64 years. 

Additionally, the search strategy was not limited by date, language, or study type. For 

articles not in English, only available translations of the abstracts were reviewed. Studies 

were excluded if they did not specify age; additionally, observational studies were excluded. 

For studies that generated multiple publications (the transfusion requirements in frail elderly 

[TRIFE] study,6,21–23 and functional outcomes in cardiovascular patients undergoing surgical 

hip fracture repair [FOCUS] trial24,25), we excluded duplicate patient and outcome data from 

the meta-analysis. No other patients or groups were excluded. 

We identified RCTs by searching PubMed, Scopus, and the Cochrane Library database from 

their inception to May 5, 2017. Medical Subject Headings (MeSH) and free-text terms 

relating to the concepts of geriatric and transfusion were used: “(“Health Services for the 

Aged” [MeSH] OR “Homes for the Aged” [MeSH] OR “Geriatric Assessment” [MeSH] OR 

“Geriatric Nursing” [MeSH]) AND (“Blood Transfusion” [MeSH] OR “Transfusion Reaction” 

[MeSH] OR “Transfusion Medicine” [MeSH] OR “Platelet Transfusion” [MeSH] OR 

“Erythrocyte Transfusion” [MeSH] OR “Blood Component Transfusion” [MeSH] OR “Blood 

Transfusion, Autologous” [MeSH])”. We also did MeSH searches using subsets of these 

terms—ie, for geriatric we used “(“Health Services for the Aged” [MeSH] OR “Homes for the 

Aged” [MeSH] OR “Geriatric Assessment” [MeSH] OR “Geriatric Nursing” [MeSH])” and for 

transfusion we used “(“Blood Transfusion” [MeSH] OR “Transfusion Reaction” [MeSH] OR 

“Transfusion Medicine” [MeSH] OR “Platelet Transfusion” [MeSH] OR “Erythrocyte 

Transfusion” [MeSH] OR “Blood Component Transfusion” [MeSH] OR “Blood Transfusion, 

Autologous” [MeSH])”. 

We screened titles and retrieved abstracts with relevant titles. Abstracts were assessed 

against research topics related to transfusion and specific to older adults as described in the 

appendix (p 1). We used a snowball sampling approach to scan the citation lists of retrieved 

articles for additional articles relevant to the research topics and retrieved relevant titles. 

GIS undertook the primary role for the searches and screening of articles against the 

predefined study protocol. Issues of inadequate clarity in the study protocols or retrieved 

citations were resolved with YLF, and referred to AC or OT when agreement was not 

reached. 

Data analysis 

We excluded non-relevant and duplicate citations and examined the remaining articles in full. 

Additionally, we used Review Manager (version 5.3)26 to do a meta-analysis and derive 

forest plots, heterogeneity estimates, and for risk of bias assessments. Primary outcomes 

included in the meta-analysis were 30-day and 90-day mortality. Secondary outcomes were 

composite cardiac complications, myocardial infarction, composite infection incidence, and 

http://dx.doi.org/10.1016/S2352-3026(17)30141-2
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length of hospital stay. 

For studies that reported intention-to-treat and per- protocol outcome data, we included the 

intention-to-treat data in our meta-analysis. We used the Mantel-Haenszel method27 using a 

fixed effects model for meta-analysis of dichotomous data. For continuous data, we used the 

inverse variance method using a fixed effects model. We extracted raw data for patient and 

event numbers from publications for analysis. We used risk ratios (RRs) for dichotomous 

data elements and mean differences for continuous data to align with other recent 

publications on transfusion strategies.1,28,29 When composite and specific cardiac outcomes 

were reported, only composite outcomes were included in meta-analysis. For papers without 

composite cardiac outcomes, we used myocardial infarction as a cardiac outcome and 

pooled it separately in the meta-analysis. Some studies reported length of hospital stay 

outcomes using mean (SD), whereas others reported median (IQR). For our meta-analysis, 

median values were equated to means, and IQR values were converted to SDs as described 

in the Cochrane Handbook for Systematic Reviews of Interventions (version 5.1.0).30 

Broadening the study inclusion criteria to incorporate studies with some younger patients 

introduced heterogeneity with respect to age. Therefore, we did a sensitivity analysis for 

each of the study outcomes, through subgroup analysis of the three RCTs that only recruited 

patients aged 65 years and older. 

We assessed study bias by comparing published study protocols and methods against the 

criteria for judging risk of bias outlined in the Cochrane Handbook.31 Subsequently, we 

evaluated risk of bias at the study level on the basis of information in each publication and 

did not contact study authors. The appendix (pp 2–3) summarises the assessment of the 

bias of individual studies and overall bias. I² was used as an indication of study 

heterogeneity. 

Role of the funding source 

The funder of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all the 

data in the study and had final responsibility for the decision to submit for publication. 

Results 

Of 686 articles screened, 98 were reviewed in full (figure 1). 625 articles were excluded 

because the study population was not specific to geriatrics and transfusion. 13 papers 

described findings from nine RCTs, because two studies were represented by more than 

one paper each. The findings of the RCTs were published between 2009 and 2016, with 

eight (62%) of 13 papers published in 2015–16. 

Nine geriatric-transfusion-related RCTs,6,21–25,32–38 representing 5780 patients (2887 

restrictive strategy and 2893 liberal strategy), were identified for inclusion in this meta-

analysis (table 1). Only three RCTs,6,32,33 representing 590 patients (298 restrictive and 292 

liberal strategies), were restricted to patients aged 65 years and older. Eight (89%) of nine 

studies reported patient cohort ages using mean and SD, whereas one38 (11%) reported 

median and IQR. The appendix (pp 5–7) outlines study aims and outcomes, and an 

overview of transfusion rates and quantities. 

http://dx.doi.org/10.1016/S2352-3026(17)30141-2
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Figure 1: study selection profile 

Numbers of geriatric and transfusion-focused studies were excluded from the total number of articles for each 

database search to avoid duplicative counting, as these articles were common to both search terms. 

MeSH=Medical Subject Headings. RCTs=randomised controlled trials.*Articles excluded were not geriatric and 

transfusion focused. †Reviews or studies of anaemia, physiology of ageing, or transfusion. ‡Of the nine 

orthopaedic surgery papers included for meta-analysis, there were five distinct RCTs because two studies 

generated multiple publications (TRIFE study6,21–23 and FOCUS trial24,25). 

The major sources of bias identified were inadequate masking of treating clinicians to the 

randomised transfusion strategy, and some reported outcomes were not specified as 

primary or secondary outcomes in the RCTs. The appendix (pp 2,3) provides further 

discussion of study bias and a summary and graph of the risk of bias. Although the paucity 

of studies (nine studies for mortality, eight each for cardiac and infection, and six for length 

of stay) precluded analysis of funnel plots, they have been included in the appendix (pp 3–

5).39 

Table 2 summarises our meta-analysis’ findings for the studies’ primary and secondary 

outcomes. Mortality outcomes were reported by eight papers, at time intervals ranging from 

10-day to 3-year endpoints (appendix p 6). The most common outcome endpoints were at 

30 days (seven [88%] of eight studies) and 90 days (two [25%] of eight); hence, these 

endpoints were included for meta- analysis. Older patients who followed a liberal transfusion 

strategy had a significantly lower risk of 30-day mortality than did those who followed a 

restrictive transfusion strategy (RR 1·36, 95% CI 1·05–1·74; p=0·017). A similar result was 

seen in the meta-analysis of the two studies that reported 90-day mortality outcomes (1·45, 

1·05–1·98; p=0·022; figure 2).

 

http://dx.doi.org/10.1016/S2352-3026(17)30141-2
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Study 
name 

Country 
of study 

Study 
size 

Characteristics of cohort Hb 
thresholds 
for 
restrictive vs 
liberal 
transfusions   
(g/L) 

Study age 
cut-off 
(years) 

Age of cohort (years) Proportion of women in cohort 

Restrictive Liberal Restrictive 
n/N % 

Liberal 
n/N % 

Studies restricted to patients aged ≥ 65 years  

Gregersen 
(2015, 
2016)6,28,29 

TRIFE Denmark 284 Patients who had had hip surgery and 
were residents of nursing homes and 
sheltered housing 

97 v 113  ≥ 65 85·7  
(SD 6·9) 

86·9 ± 9·8† 108/ 
144 

75% 106/ 
140 

76% 

Blandfort 
(2016)27 

Subgroup 
of TRIFE 

Denmark 179 Patients who had had hip surgery and 
were residents of nursing homes 

-  86·5  
(SD 6·7) 

88·7 ± 6·3† 67/ 89 75% 68/ 90 75% 

Foss 
(2009)32 

- Denmark 120 Patients with hip fracture 80 v 100 > 65 81  
(SD 7·3) 

81 ± 6·8† 46/ 60 77% 46/ 60 77% 

Fan 
(2014)33 

- China 186 Patients who had had total hip 
replacement 

80 or 
symptomatic 
v 100 

> 65 75  
(SD 6) 

73 ± 7† 64/ 94 68% 59/ 92 64% 

Studies including younger patients 

Carson 
(2011, 
2015)30,31 

FOCUS USA 2016 Patients with hip fracture and who were 
at cardiovascular risk or disease 

80 or 
symptomatic  
v 100 

≥ 50 81·5  
(SD 9·0) 

81·8 ± 8·8† 239/ 
1009 

76% 250/ 
1007 

75% 

Carson 
(2013)35 

MINT USA 110 Patients with cardiac catheterisation, 
acute coronary syndrome, or stable 
angina 

80 or 
symptomatic 
v 100 

> 18 74·3  
(SD 11·1) 

67·3 ± 13·6† 28/ 55 51% 27/ 55 49% 

So-
Osman 
(2013)36 

- Netherlan
ds 

603 Patients who had had primary or revision 
total hip or knee surgery 

Varied by 
hospital, risk 
level, time 
after surgery 

≥ 18 70·7  
(SD 9·6) 

70·2 ± 10·3† 190/ 
299 

64% 211/ 
304 

69% 

Nakamura 
(2015)37 

Substudy 
of 
TRACS 

Brazil 260 Cardiac surgery patients aged ≥60 years 80 v 100 Compared   
< 60 v ≥60 

68  
(SD 6) 

70 ± 6† 49/ 125 39% 47/ 
135 

35% 

de 
Almeida 
(2015)38 

- Brazil 198 Patients with active cancer and had 
elective and emergency surgery 

70 v 90 ≥ 18 64  
(SD 12) 

64 ± 14† 46/ 101 46% 42/ 97 43% 

Murphy 
(2015)39 

TITRe 2 UK 2003 Patients with cardiovascular disease who 
had non-emergency cardiac surgery 

75 v 90 > 16 70·8  
(IQR 64-77) 

69·9, 63-76‡ 307/ 
1000 

31% 323/ 
1003 

32% 

Data for age range are mean (SD) or median (IQR). TRIFE=transfusion requirements in frail elderly. FOCUS=functional outcomes in cardiovascular patients undergoing surgical hip fracture repair. 
MINT=myocardial ischemia and transfusion. TRACS=transfusion requirements after cardiac surgery. TITRe2=transfusion indication threshold reduction. 

Table 1: Characteristics of randomized controlled trials included in meta-analysis 
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Five (63%) of eight studies reported composite outcomes for cardiac complications, whereas 

three (37%) reported specific cardiovascular events (appendix p 6). Meta-analysis of 

composite cardiac complications showed significantly better outcomes with liberal 

transfusion compared with restrictive transfusion (RR 1·62, 95% CI 1·12–2·35; p=0·010; 

figure 3), whereas there was no significant difference between transfusion strategies for 

myocardial infarction (1·50, 95% CI 0·97–2·33; p=0·069; figure 3). 

Eight (89%) of nine RCTs reported a range of composite and specific infection outcomes 

(appendix p 7). Data for these specific outcomes were accumulated and used for meta-

analysis (figure 4). The application of restrictive or liberal transfusion strategy did not affect 

infection incidence in these studies (RR 0·99, 95% CI 0·88–1·10; p=0·80). 

Two (33%) of six studies reported length of hospital stay using means and SDs, whereas 

four (67%) studies reported medians and IQRs (appendix p 7). To facilitate meta-analysis, 

medians were equated to means and IQRs were converted to SDs. However, the alternative 

reporting approaches are represented as different subgroups in the meta-analysis (figure 5). 

The mean and SD group (mean difference –0·53, 95% CI –1·48 to 0·41; p=0·27), median 

and IQR group (0·06, –0·19 to 0·32; p=0·63), and combination of both groups (0·02, –0·22 

to 0·27; p=0·86) all did not reach significance. Therefore, length of hospital stay was 

unrelated to transfusion strategy. 

A moderate degree of heterogeneity40 was observed between the studies reporting 30-day 

mortality (I2=59%), and infection incidence (46%). Low-to-moderate heterogeneity was seen 

for composite cardiac complications (38%), and low heterogeneity for composite length of 

hospital stay (23%). The outcomes of 90-day mortality (0%) and myocardial infarction (0%) 

were homogeneous (table 2). 

To examine the effect of including RCTs with a proportion of younger patients, the three 

RCTs limited to patients aged 65 years and older6,32,33 were used in subgroup analyses 

(appendix pp 7–9). The two RCTs that reported risk of mortality at 30 days6,32 showed 

significantly better outcomes for patients who followed a liberal transfusion strategy than for 

those who followed a restrictive transfusion strategy (RR 2·07, 95% CI 1·09–3·92; p=0·026).  

Composite cardiac complications (2·31, 0·61–8·77; p=0·22), infection incidence (1·01, 0·86–

1·19; p=0·91), and overall length of hospital stay (mean difference of the composite measure 

0·11, 95% CI –0·67 to 0·89; p=0·78) outcomes were not significant in the subgroup 

analyses. Only one of these geriatric-specific RCTs reported 90-day mortality6 and none 

reported myocardial infarction outcomes; therefore, a subgroup analysis was not possible. 

The small number of studies and patients in these subgroup analyses should be noted. 

  

http://dx.doi.org/10.1016/S2352-3026(17)30141-2
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Number 
of 
studies 

Number 
of 
patients 

RR (95% CI)* Mean 
difference 
(95% CI)† 

Test for overall effect I2 (%) 

     Z p value  

Primary outcomes        

30-day mortality 7 4969 1·36 (1·05–
1·74) 

·· 2·38 0·017 59% 

90-day mortality 2 2287 1·45 (1·05–
1·98) 

·· 2·29 0·022 0 

Secondary outcomes        

Composite cardiac 
complications‡ 

5 1367 1·62 (1·12–
2·35) 

·· 2·57 0·010 38% 

Myocardial infarction 3 4090 1·50 (0·97–
2·33) 

·· 1·81 0·069 0 

Infection incidence 8 5402 0·99 (0·88–
1·10) 

·· 0·26 0·80 46% 

Length of hospital stay        

Mean and SD group 2 306 ·· –0·53 (–1·48 
to 0·41) 

1·10 0·27 0 

Median and IQR group 4 3088 ·· 0·06 (–0·19 
to 0·32) 

0·48 0·63 40% 

Composite of mean and 
median groups 

6 3394 ·· 0·02 (–0·22 
to 0·27) 

0·18 0·86 23% 

RRs were generated with the Mantel-Haenszel method, with use of a fixed effects model. Mean differences were generated with 

the inverse variance method, with use of a fixed effects model. RR=risk ratio. *RR >1·0 favours liberal transfusion strategy. †Mean 

difference >0 favours liberal transfusion strategy. ‡Composite cardiac complications included cardiac failure, patients with 

cardiogenic shock, and major cardiovascular events. 

Table 2: Comparison of restrictive versus liberal transfusion strategies against primary and secondary 
outcomes 
 

 

Figure 2: Comparisons of restrictive versus liberal transfusion strategies against primary outcomes of 
30-day and 90-day mortality 
RRs were generated with the Mantel-Haenszel method, with use of a fixed effects model. RR=risk ratio. 
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Figure 3: Comparisons of restrictive versus liberal transfusion strategies against secondary outcomes of 
composite cardiac complications and myocardial infarction 
RRs were generated with the Mantel-Haenszel method, with use of a fixed effects model. RR=risk ratio. 
 

 
Figure 4: Comparisons of restrictive versus liberal transfusion strategies against secondary outcome of 
infection incidence 
RRs were generated with the Mantel-Haenszel method, with use of a fixed effects model. RR=risk ratio. 
 

 
Figure 5: Comparisons of restrictive versus liberal transfusion strategies against secondary outcomes of 
length of hospital stay 
Data for medians were equated to means and IQRs converted to SDs for meta-analysis. Data are reported as 
different subgroups of mean and SD, median and IQR, and an overall composite of both of these subgroups. 
Mean differences were generated with the inverse variance method, using a fixed effects model. 
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Discussion 

The meta-analysis of nine RCTs that focused on transfusion outcomes in older patients 

identified that a liberal rather than a restrictive transfusion strategy provided improved 

outcomes with respect to 30-day mortality, 90-day mortality, and composite cardiac 

complications. In these studies, transfusion strategy did not affect the infection incidence or 

influence length of hospital stay. The risk of myocardial infarction was lower in the liberal 

strategy cohort, but analysis did not reach significance. The conclusions of this meta-

analysis contrast with findings of most observational studies and some RCTs.7,41 This meta-

analysis highlights the importance of considering age and clinical or surgical discipline when 

defining study cohorts and interpreting outcomes.  

The landmark 1999 transfusion requirements in critical care (TRICC) trial42 compared 

restrictive (haemoglobin threshold <70 g/L) and liberal (haemoglobin threshold <100 g/L) 

transfusion strategies in patients older than 18 years. This trial raised substantial questions 

regarding the safety of liberal transfusion and the need to maintain higher haemoglobin 

concentrations in critically ill patients, and was instrumental in challenging transfusion 

practice. It is worth noting that subgroup analysis of the TRICC trial subsequently identified 

that a restrictive transfusion strategy was associated with lower mortality in patients younger 

than 55 years, but this effect was not seen in older patients.7,42 

RCTs yielded by our search strategy are in accordance with the method used in the TRICC 

trial in comparing restrictive and liberal transfusion strategies. However, haemoglobin 

thresholds varied between studies, with cohorts of restrictive transfusion strategy ranging 

from 70 g/L to 97 g/L and liberal transfusion strategy spanning from 90 g/L to 113 g/L (table 

1). Therefore, the definition of a restrictive haemoglobin threshold in one study might be 

higher than the liberal threshold in another, potentially confounding outcome comparisons 

and complicating deliberation of haemoglobin thresholds for transfusion. 

The transfusion requirements after cardiac surgery (TRACS) trial36 compared outcomes for 

patients aged 60 years and older with those younger than 60 years. Although the incidence 

of cardiogenic shock was greater in the restrictive than in the liberal transfusion group for 

older patients, this effect was not seen in the younger group. The authors proposed that 

reduced physiological reserve and an increased number of comorbidities might account for 

the increased age-based risk seen in this study. Hence, studies that include younger 

patients might mask outcomes for older participants unless age-stratified subgroup analysis 

is done. 

Older patients might exhibit different outcomes with liberal transfusion than younger adults 

because of age- related differences in anaemia risk and effect. Studies have shown that 

younger patient populations have a greater tolerance of anaemia, and have a wider safety 

margin for a decrease in haemoglobin concentrations.11 Elderly patients with their decline in 

physiological reserve and different responses to blood loss and anaemia are at increased 

risk from anaemia generally, as well as in the postoperative period.11 This risk is manifested 

in outcomes such as increased incidence of postoperative decline in cognitive function and 

cardiac complications associated with anaemia.11,43 Some studies report that transfusion is 
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protective of the myocardium at low haemoglobin concentrations, and others report 

protective effects against delirium in older  patients.25,32,36,44 Postoperative delirium, in turn, is 

found to be associated with increased lengths of hospital stay, poor functional outcomes, 

and increased rates of ongoing care requirements.21 

There are several limitations associated with this study. We found a paucity of RCTs that 

focused on older patients. Wide confidence intervals are reported for a small number of 

study findings. These findings were in smaller studies with few events; therefore, they had 

low weightings in the calculation of overall effect. Additionally, the quantity of peer-reviewed 

data available might be limited by publication bias. Studies with negative findings might 

remain unpublished, and therefore be missing from the peer-reviewed literature. We did not 

include data from trials that had a mean age of patients of less than 64 years, although such 

studies might include a substantial proportion of older patients. Because of the small number 

and sample size of RCTs focused on patients aged 65 years and older, we have included 

studies with a broader recruitment strategy, increasing the age heterogeneity of the 

population studied. Although the subgroup analysis of studies restricted to patients aged 65 

years and older reached significance with respect to 30-day mortality, this finding included 

only a small number of studies and patients. Only one oncology study was identified, and 

outside cardiac and orthopaedic surgery we did not identify other specialty areas with data 

available. The restrictive and liberal haemoglobin thresholds used across the studies are 

non-standard, potentially confounding analysis. Because of the small number of studies, we 

were unable to do a subgroup analysis by disease or treatment type. This study should 

therefore be seen as exploratory. We also observed heterogeneity in our findings. Factors 

that might have contributed to this heterogeneity include inconsistent haemoglobin 

thresholds used for restrictive and liberal transfusion groups, different clinical presentations 

across the patient groups, and the range of patient ages being represented, with some 

studies including younger patients despite the mean study age being 64 years or older. 

Blood transfusion is often a marker for greater severity of illness.7,8,28,41 Sicker patients are 

therefore likely to receive transfusions and be transfused at increased haemoglobin 

concentrations to address symptoms. Hence the association between higher numbers of 

transfusion and worse outcomes might be a reproducible artifact of observational study 

designs. Our analysis of data on older patients does not support the conclusions often 

reported in observational studies of increased morbidity, mortality, and lengths of hospital 

stay being associated with higher incidence of transfusion. Instead, it finds that restrictive 

transfusion practice is associated with higher incidence of mortality and cardiac morbidities 

in the older patient groups. 

Paediatric patients are recognised in patient blood management guidelines as having unique 

requirements because of their physiology, but little recognition has been given to the effect 

of physiological differences in the geriatric population.45 The absence of specific guidelines 

for older adults is notwithstanding the substantially greater use of blood and blood products 

by geriatric patients.17,18 Outstanding questions in geriatric care that have not been 

adequately addressed include fluid management and ideal transfusion thresholds.46 Key 

areas that need to be considered in transfusion decision making include the effect of 

anaemia on geriatric patients, altered physiological responses in the older patient that affect 

their ability to respond to blood loss or mask their clinical condition, and issues of frailty and 
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disability. The findings of our meta- analysis raise questions about the application of 

restrictive transfusion practice in older patients, and confirm the need to generate geriatric-

specific evidence to inform revisions of patient blood management guidelines. 
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