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Is haemoglobin below 7.0 g/dL an
optimal trigger for allogenic red blood
cell transfusion in patients admitted to
intensive care units? A meta-analysis
and systematic review

Ren-qi Yao,' Chao Ren
Yong-ming Yao?

ABSTRACT

Objectives We employed a comprehensive systematic
review and meta-analysis to assess benefits and risks of a
threshold of haemoglobin level below 7 g/dL versus liberal
transfusion strategy among critically ill patients, and even
patients with septic shock.

Design Systematic review and meta-analysis.

Data sources We performed systematical searches

for relevant randomised controlled trials (RCTs) in the
Cochrane Library, EMBASE and PubMed databases up to 1
September 2019.

Eligibility criteria RCTs among adult intensive care unit
(ICV) patients comparing 7 g/dL as restrictive strategy with
liberal transfusion were incorporated.

Data extraction and synthesis The clinical outcomes,
including short-term mortality, length of hospital stay, length
of ICU stay, myocardial infarction (MI) and ischaemic events,
were screened and analysed after data collection. We
applied odds ratios (ORs) to analyse dichotomous outcomes
and standardised mean differences (SMDs) to analyse
continuous outcomes with fixed or random effects models
based on heterogeneity evaluation for each outcome.
Results Eight RCTs with 3415 patients were included.
Compared with a more liberal threshold, a red blood cell
(RBC) transfusion threshold <7 g/dL haemoglobin showed
no significant difference in short-term mortality (OR:

0.90, 95%Cl: 0.67 to 1.21, p=0.48, >=53%), length of
hospital stay (SMD: —0.11, 95% CI: —0.30 to 0.07, p=0.24,
[2=71%), length of ICU stay (SMD: —0.03, 95% Cl: —0.14
t0 0.08, p=0.54, [>=0%) or ischaemic events (OR: 0.80,
95% Cl: 0.43 to 1.48, p=0.48, 1>=51%). However, we found
that the incidence of Ml (OR: 0.54, 95% Cl: 0.30 to 0.98,
p=0.04, >=0%) was lower in the group with the threshold
<7 g/dL than that with the more liberal threshold.
Conclusions An RBC transfusion threshold <7 g/dL
haemoglobin is incapable of decreasing short-term
mortality in ICU patients according to currently published
evidences, while it might have potential role in reducing M
incidence.

INTRODUCTION
Allogenic red blood cell (RBC) transfu-
sion remains a commonly used and crucial

2 Zi-cheng Zhang,® Yi-bing Zhu

4 Zhao-fan Xia,’

Strengths and limitations of this study

» This meta-analysis focused on the feasibility of a
transfusion threshold of haemoglobin <7 g/dL with
regard to short-term mortality in critically ill patients
through only including randomised controlled trials
that specified the restrictive red blood cell trans-
fusion threshold as a pretransfusion haemoglobin
concentration <7 g/dL.

» In this meta-analysis, we performed an updated and
comprehensive analysis that focused on intensive
care unit patients with septic shock.

» The number of studies we enrolled was not large
enough due to the strict inclusion criteria of a re-
strictive transfusion threshold of haemoglobin <7 ¢/
dL.

» There was imperfect blinding of the study partici-
pants in the trials mainly owing to the nature of the
interventions.

treatment among patients admitted to
the intensive care unit (ICU), as anaemia
is commonly complicated and critically
involved in poor outcomes. Every vyear,
approximately 75million units of blood are
reportedly obtained worldwide, with higher
levels of consumption in the UK, Canada and
USA.?* In ICU settings, 40%~50% of criti-
cally ill patients receive at least one unit of
RBC transfusion, and the average consump-
tion reaches five units during their ICU stay.*
Undoubtedly, appropriate blood transfusion
can benefit critically ill patients by increasing
oxygen delivery and reducing oxygen debt,
protecting against multiple organ dysfunc-
tion.” While these data also urge the cautious
use of RBCs because of the substantial cost
and supply shortage. For example, Holst
and colleagues have reported that the units
of RBCs used for liberal transfusion trigger
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strategies are almost twice the amount of RBCs transfu-
sion with restrictive strategies, but no significant differ-
ence is noted between restrictive and liberal triggers in
assessment of primary outcomes.® Additionally, the risk
of complications, such as volume overload, infection,
transfusion reactions and even increased mortality, also
raises concerns about the threshold for RBC transfusion
in ICU patients.”” However, the optimal thresholds for
RBC transfusion in diverse critical care settings remain
controversial. The results of the transfusion requirements
in critical care (TRICC) study have confirmed the supe-
riority of a restrictive transfusion strategy (RBC transfu-
sions were given when haemoglobin concentration was
below 7g/dL) in controlling the 30-day mortality of crit-
ically ill patients with younger age and lower acute phys-
iology and chronic health evaluation II score. Indeed,
conservative blood transfusion could result in a marked
decline in the use of RBCs, which further decreases the
in-hospital cost of ICU patients.” ' Recently, various
studies have extensively discussed transfusion strategies to
optimise the outcomes. For instance, no significant differ-
ence was shown between restrictive and liberal transfu-
sion strategies in terms of adverse effects, as reported by
some studies.'! 2 In addition, other researchers found
that blood transfusions triggered at a threshold of 7g/
dL were much safer in critically ill patients with cardiovas-
cular diseases.'”'* However, Silva Junior et al have found
that RBC transfusion was an independent risk factor for
mortality of critically ill patients, followed with longer
ICU and hospital stay, which was associated with different
decisions regarding transfusion triggers."* Other indices,
such as oxygen delivery (DO,) and oxygen consump-
tion (VO,), also show marked deviation among various
studies. Study by Conrad and colleagues revealed signifi-
cant improvement in DO, but no influence in VO, after
blood transfusion on septic patients.'” While Steffesand
colleagues have reported that blood transfusion is capable
of elevating DO, and VO, in septic surgical patients."®
Therefore, the thresholds for blood transfusion should
be different for patients with various diseases and need to
be carefully evaluated.

Actually, the benefits and harms of blood transfusions
in patients admitted to ICUs have been discussed by
many systematic reviews and meta-analyses, but the results
remain controversial due to the distinct inclusion criteria
and outcome measurement across studies.” '' 12 1719
Salpeter and colleagues found that restrictive blood
transfusion trigger at 7g/dL could significantly reduce
mortality of disparate phase, as well as diverse transfusion-
related complications compared with the liberal transfu-
sion trigger. However, they did not distinguish paediatric
and adult ICU settings, and merely enrolled three
randomised controlled trials (RCTs).17 Systematic reviews
conducted by Fominskiy et al revealed no statistical differ-
ence in 90-day mortality between two transfusion thresh-
olds."® Nevertheless, recently updated publication by
Chong and colleagues incorporated almost same RCTs
as Fominskiy et al did, while they identified a significant

reduction of 30-day mortality in ICU patients with restric-
tive strategy in comparison with those with more liberal
transfusion trigger."” In addition, the specific thresholds
of haemoglobin concentration are essential for deci-
sion of RBC transfusion regarding various clinical prac-
tice. However, no studies have reported the impact of
the transfusion threshold of 7g/dL on the short-term
outcomes of critically ill patients or the financial value
of a different transfusion strategy, even though it is
considered as a common trigger to implement restrictive
transfusion strategy. Furthermore, different types of clin-
ical conditions also show remarkable deviation in RBCs
administration. For example, septic shock is commonly
recognised as a substantial threat to ICU, and it is related
to high hospital costs and poor outcomes.”” Anaemia is
also commonly complicated during the progression of
sepsis, as it presents with insufficient tissue perfusion,
like hypovolemic shock, and dysfunction of cellular
metabolism, which cannot be reversed by prompt fluid
resuscitation and administration of vasoactive drugs.
Indeed, blood transfusion is frequently administered as
an efficient remedy for patients with septic shock, but the
protocol for transfusion is different in patients with septic
shock from patients with other critical illnesses.' ' ** In
fact, there is still a lack of conclusive data regarding the
rational transfusion threshold for patients with septic
shock.” # The transfusion requirements in septic shock
(TRISS) trial did provide strong evidences that no signif-
icant difference was noted between RBC transfusion
with lower and higher haemoglobin thresholds in long-
term mortality and adverse reactions.” However, other
researchers found that RBC transfusion was related to
unfavourable outcomes of septic patients, such as sequen-
tial organ failure assessment score and length of stay in
ICU. In addition, the association between RBC transfu-
sion and short-term outcomes of septic patients has not
been established yet. In the present study, we aim to
perform a comprehensive systematic review and meta-
analysis specifically determining whether haemoglobin
level below 7g/dL is an optimal trigger for blood transfu-
sion among adult ICU patients when compared with more
liberal transfusion thresholds by evaluating its impacts on
short-term mortality and adverse reactions. Additionally,
a subgroup analysis is further performed with patients
with or without septic shock to seek the optimal transfu-
sion strategy for this unique subset of critically ill patients.

MATERIALS AND METHODS

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis statement.’

Patient and public involvement

There were no patients’ involvement in the develop-
ment of the research question, outcome measurement,
design of this study, or the recruitment to and conduct
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of the study. The results will not be disseminated to study
participants.

Search strategy and information sources

Online databases, including Cochrane Library, EMBASE
and PubMed, were systematically searched. We conceived
strategy comprised of following combination of exploded
Medical Subject Heading terms: ‘critical care’, ‘intensive
care unit’, ‘blood transfusion’. Detailed search strategy
was presented in online supplementary file 1. Relevant
studies up to 1 September 2019 were searched without
any language limitations. In addition, ongoing trials and
conference abstracts were identified to obtain additional
evidences. We also obtained references by searching the
reference lists of reviews and trial registries.

Eligibility and exclusion criteria

This meta-analysis included RCTs among adult ICU
patients (age >18 years) who underwent allogenic RBC
transfusion. The recruited studies had to compare
two distinct blood transfusion thresholds, a restrictive
threshold and a liberal one. The definition of transfusion
thresholds in this systematic review was based on haemo-
globin or hematocrit levels. Blood transfusion initiated
at haemoglobin thresholds below 7g/dL were termed
restrictive strategies, while the liberal transfusions were
conducted at haemoglobin thresholds between 8.5 and
10g/dL. Other types of studies, including observational,
cohort and case—control, were excluded. Trials with
pretransfusion haemoglobin concentrations higher than
7g/dL were eliminated as well. Only ICU patients were
considered, while participants in other hospital depart-
ments were not eligible.

Study selection

Two reviewers (RQY and CR) independently screened the
titles and abstracts of the relevant trials. If the abstract
of a potentially eligible article failed to provide adequate
information, the full-text version was then screened to
determine its eligibility. Differing opinions between the
two authors were settled by discussion and consensus. If
a consensus could not be reached, a consulting group
including two experts (ZFX and YMY) resolved the
disagreements.

Data collection

Two reviewers (RQY and CR) extracted the data from all
eligible trials with a standardised and predesigned form.
First author, year of publication, baseline characteristics,
the total number of included patients and the clinical
settings were recorded. The clinical outcomes (short-
term mortality, length of hospital stay, length of ICU stay,
myocardial infarction (MI) and ischaemic events) and
study design were also obtained.

Risk of bias assessment

The Cochrane Collaboration tool was used to evaluate
the risk of bias of the RCTs. The randomisation sequence,
allocation concealment, blinding of personnel and

participants, risk of incomplete outcome data, selective
reporting bias and other sources of bias were assessed
independently by two authors. Each clause was rated as
‘low’, ‘high’ or ‘unclear’ bias. The summarised risk of bias
of each RCT was ranked as low, moderate or high.

Grading quality of evidence

The quality of evidence of each outcome was evaluated
in accordance with the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE)
methods. This procedure was conducted with GRADE
Pro software V.3.6.

Outcomes

The primary endpoint was all-cause short-term mortality,
which was preferentially analysed by 28-day or 30-day
mortality. In the case of unreported short-term mortality,
we contacted the authors for the original data or consid-
ered the closest available mortality data. Secondary
outcomes included the following indicators: length of
hospital stay, length of ICU stay, MI and ischaemic events.

Data synthesis and analysis

The statistical analysis was conducted with ReviewMan-
ager (RevMan V.5.3, Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014). We applied
ORs to analyse dichotomous outcomes and standardised
mean differences (SMDs) for continuous outcomes. The
pooled results were calculated with 95% CIs. Heteroge-
neity among studies for each outcome was assessed by
applying both ” test and I” statistics. Either I” greater than
50% or p value of x* test <0.10 was deemed as statistically
significant heterogeneity. If remarkable heterogeneity
existed in pooled results, random effect models combined
with the Mantel-Haenszel (M-H) method were used, or
else, fixed effect models was applied accordingly. For the
small study bias, the funnel plot of the pooled short-term
mortality data was scanned visually by reviewers. Besides,
by using Stata software, V.12, we performed Begg’s and
Egger’s tests to further assess the possible small study
bias. A sensitivity analysis was also performed by means
of excluding each study one at a time from the pooled
effect. Additionally, we performed a subgroup analysis
based on the M-H model to determine the difference
between septic shock and non-sepsis groups.

RESULTS

Search results and the characteristics of the included studies

This systematic review and meta-analysis identified 4641
relevant citations; we removed duplicates and then
scanned the titles and abstracts of 4600 studies. Eventu-
ally, the full-text articles for 41 trials were reviewed, and
eight RCTs met the inclusion criteria and were presented
with full paper, with ICU patients older than 18 years who
received RBC transfusions at haemoglobin thresholds
below 7g/dL (figure 1).
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COCHRANE OTHER
CENTRAL: SOURCES:
1526 20

PUBMED: EMBASE:
1843 1252

SCREENING:4641

4600 excluded after screening titles and abstract and
removed duplicates

ELIGIBILITY:41 trails
were assessed full-text

33 excluded:
6 Not randomised
7 Secondary publications
9
5 In-equable transfusion thresholds
3 Neonates
3 Not critical illness setting

STUDIES INCLUDED IN
META-ANALYSIS:
8 RCTs (3415 patients)

Figure 1 Flow chart for study selection. Online databases,
including Cochrane Library, EMBASE and PubMed, were
systematically searched. Finally, nine RCTs with 3415 patients
were included in the meta-analysis. RCTs, randomised
controlled trials.

The eight included RCTs ranged in publication
year from 1999 to 2019 and contained a total of 3415
patients.'’ ** # ™ The patient population sizes of the
included trials were very diverse, ranging from 44 to 998.
Three studies enrolled more than 800 patients, while
three trials enrolled fewer than 200 eligible patients.
Four studies enrolled 1480 patients with septic shock,
including one study complicated by cancer diagnoses. In
addition, four trials were multicentre studies (table 1)

Risk of bias

Most of the RCTs met the randomisation requirements
and used rational distribution methods. In some of the
included trials, however, it was challenging to blind the
attending physicians and nurses to the outcome assessment
based on the intervention, which resulted in high risk of
performance bias (online supplementary figure 1).

Quality of evidence

The summary of findings for the outcomes of interest and
the levels of evidence were provided (online supplemen-
tary table 1). The qualities of the primary outcome data and
some secondary outcome data, including MI and ischaemic
events, were all ranked as moderate. However, the length of
stay both in hospital and ICU displayed low quality.

Primary outcome: short-term mortality

Within this meta-analysis, there were three RCTs that
reported 28-day or 30-day mortality, and four reported
in-hospital mortality only. The published study from Holst
et al did provide solid conclusions about the impacts of

blood transfusion with liberal and restrictive haemoglobin
thresholds on long-term mortality and rates of ischaemic
events, which presented with similar effects, while the infor-
mation about shortterm outcomes was missing.”> There-
fore, we wrote a letter asking for the important evidence
of short-term mortality rates, as its analysis was based on
a large sample size and was essential for our conclusions.
After generating the forest plot, we found no significant
difference in short-term mortality between the transfusion
threshold of haemoglobin <7g/dL and the more liberal
strategy (OR: 0.90, 95% CI: 0.67 to 1.21, p=0.48, I’=53%).
Meanwhile, we noticed that the RCT reported by Bergamin
et al” was the main resource of heterogeneity, and removing
that study resulted in a marked reduction in heterogeneity
(I*=29%, p=0.21) (figure 2).

Secondary outcome: length of hospital stay, length of ICU stay,
MI and ischaemic events

Five included studies documented the length of hospital
stay, which revealed no significant difference in hospital
stays when the threshold of haemoglobin <7g/dL was
used, comparing with the more liberal threshold (SMD:
-0.11, 95% CI: -0.30 to 0.07, p=0.24, I°’=71%, figure 3).
Sensitivity analysis indicated that study by Bergamin et
al was the main source of heterogeneity, exclusion of
which could significantly reduce heterogeneity (I°=45%,
p=0.51). The outcome of length of ICU stay was reported
by four trials, and there was no significant difference
between the two thresholds (SMD: -0.03, 95% CI: -0.14—
0.08, p=0.54, IQ=O%, figure 4). In addition, we identified
that MI events was decreased among patients with trans-
fusion trigger of haemoglobin <7g/dL when compared
with those with the liberal transfusion strategy (OR: 0.54,
95% CI: 0.30 to 0.98, p=0.04, ’=0%, figure 5). However,
no significant differences were noted between the two
transfusion thresholds for critically ill patients in isch-
aemic/thromboembolic events (OR, 0.80, 95%ClI,
0.43 to 1.48, p=0.48, 12=51%, figure 6). After removing
study conducted by Walsh ¢t al, the heterogeneity of this
outcome decreased significantly (I°=0%, p=0.21), which
indicated the main source of heterogeneity.

Small study bias

We constructed a funnel plot to assess the possible small
study bias. After inspecting the funnel plot, we found no
evidence of small study bias. Furthermore, we used Begg’s
test (p=0.71) and Egger’s test (p=0.62) to evaluate the
funnel plot asymmetry, which also showed no significant
statistical evidence of small study bias (online supplemen-

tary figure 2).

Subgroup analysis

The subgroup analysis of the septic shock and non-sepsis
groups investigated short-term mortality. From the forest
plot, there were no significant differences in short-term
mortality between two thresholds in either the septic
shock group (OR: 1.10, 95%CI: 0.75 to 1.62, p=0.63,
’=46%) or the non-sepsis group (OR: 0.75, 95% CI: 0.50
to 1.14, p=0.15, I’=41%) (figure 7).
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Table 1 Characteristics of the included studies

Transfusion

Population triggers
Year of No of Clinical Number of
Author publication sites settings Details participants Restrictive Liberal Mortality data References
Hebert et al 1999 25 Critical illness  Euvolemic 838 Hb 7 Hb 10  30-day mortality
critically il 60-day mortality 10
patients
ICU mortality
Hospital mortality
Holst et al 2014 32 Critical illness  Patients with 998 Hb7 Hb 9 90-day mortality 22
septic shock
Mazza et al 2015 Single Critical illness  Patients with 46 Hb 7 Hb 9 Hospital mortality 23
septic shock
Robertson et al 2014 2 Traumatic brain Patients with 200 Hb7 Hb 10  6-month mortality 25
injury closed head
injuries
Villanueva etal 2013 Single Upper Patients with 889 Hb 7 Hb 9 45-day mortality 26
gastrointestinal hematemesis,
bleeding melena or both
Walsh et al 2013 6 Critical illness  Older critically 100 Hb 7 Hb 9 30-day mortality
i pap_ents 60-day mortality
receiving
mechanical 180-day mortality 27
ventilation ICU mortality
Bergaminetal 2017 Single Critical illness  Patients with 300 Hb 7 Hb 9 Hospital mortality
cancer with 28-day mortality
septic shock 60-day mortality 29
90-day mortality
Gobatto et al 2019 Single Traumatic brain Patients with 44 Hb7 Hb 9 Hospital mortality 28
injury moderate or ICU mortality
severe traumatic
brain injury
ICU, intensive care unit.
DISCUSSION of evidence. Additionally, pooled data also revealed that
Major findings the incidence of MI was decreased among patients applied
The current study demonstrated that restricting the trans- 7g/dL as transfusion threshold. Nevertheless, we should
fusion threshold to a haemoglobin concentration <7g/ be cautious when interpreting this finding. After removing
dL did not result in significant differences in short-term the study conducted by Villanueva and colleagues, as well
mortality, ICU/hospital length of stay or ischaemic events, as changing effects model from random effects models
when compared with more liberal thresholds. Of note, the to fixed effects models could alter the consequence, indi-

length of stay of both ICU and hospital displayed low quality ~  cating the instability of this outcome.

<7g/dl Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bergamin 2017 84 151 67 149 17.3% 1.53[0.97, 2.42] i
Gobatto 2019 7 23 1 21 1.7% 8.75[0.97, 78.65]
Hebert 1999 78 418 98 420 21.3% 0.75[0.54, 1.05] =
Holst 2014 168 502 175 496 23.8% 0.92[0.71, 1.20] -
Mazza 2015 1 22 13 24 54% 0.85[0.27, 2.70] -
Robertson 2014 9 99 9 101 71% 1.02[0.39, 2.69] - r
Villanueva 2013 23 444 41 445 152% 0.54[0.32, 0.91] —
Walsh 2013 12 51 16 49 8.2% 0.63 [0.26, 1.53] - 1
Total (95% Cl) 1710 1705 100.0% 0.90 [0.67, 1.21]

Total events 392 420
Heterogeneity: Tau? = 0.08; Chi? = 14.82, df = 7 (P = 0.04); I = 53%
Test for overall effect: Z = 0.70 (P = 0.48)

I o

001 01 1 10 100
favours restrictive favours liberal

Figure 2 Forest plot of all-cause short-term mortality in ICU patients. The OR and 95% CI for short-term mortality between the
restrictive and liberal transfusion thresholds are presented in the forest plot. The threshold of haemoglobin <7 g/dL showed no
obvious improvement in short-term mortality when compared with the liberal threshold. ICU, intensive care unit; M-H, Mantel-
Haenszel.
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<7g/dl Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Bergamin 2017 13 5 151 15 4 149 221% -0.44 [-0.67, -0.21] -
Gobatto 2019 42 39.3 23 35 31.1 21 7.6% 0.19 [-0.40, 0.79]
Hebert 1999 348 195 418 355 194 420 28.3% -0.04 [-0.17, 0.10] =
Villanueva 2013 96 87 444 115 128 445 28.6% -0.17 [-0.31, -0.04] -
Walsh 2013 34 17 51 31 733 49 134% 0.23[-0.17, 0.62] I e —
Total (95% Cl) 1087 1084 100.0% -0.11 [-0.30, 0.07] P
Heterogeneity: Tau? = 0.03; Chi2 = 13.60, df = 4 (P = 0.009); I2=71% F p _0=_5 5 ofs 1=

Test for overall effect: Z=1.19 (P = 0.24)

favours restrictive favours liberal

Figure 3 Forest plot of the length of hospital stay. The forest plot shows the mean difference and 95% CI for the length of
hospital stay between the two groups. Blood transfusion at the restrictive threshold resulted in no significant difference of
hospital stays compared with blood transfusion at the more liberal threshold.

Within the primary outcome analysis, the heteroge-
neity of enrolled trials was moderate, with an I of 53%
according to the heterogeneity test, while sensitivity anal-
ysis revealed that remove of the Transfusion Require-
ments in Critically Il Oncological Patients (TRICOP)
trial resulted in dramatically decreased heterogeneity
(I’=29%, p=0.21). As this study enrolled patients diag-
nosed with both solid cancer and septic shock, the base-
line characteristic of this unique subset might differ
from other ordinary ICU patients, which could partially
explain the source of heterogeneity. Also, this finding was
assumed to be due to different clinical settings, especially
for patients with septic shock. We further performed a
subgroup analysis after classifying the studies into a septic
shock group and a non-sepsis group, as septic shock was
recognised as one of the major causes of death in critically
ill patients. In septic shock group, patients with a transfu-
sion threshold <7g/dL showed no significant difference
in short-term mortality compared with those with a more
liberal transfusion threshold, while the heterogeneity
was markedly decreased (=46 %, p=0.15). In non-sepsis
group, no significant difference in short-term mortality
was noted between the two thresholds with only five trials
included. Additionally, the highly disparate sample sizes
of included studies could be another resource of hetero-
geneity. Given the fact that several studies came from
conference abstracts, we were unable to evaluate their
methodology and data quality in detail.

Relations to other meta-analysis

Carefully designed meta-analyses on RBC transfusions
in critically ill patients have been published recently. In
2014, the first time Salpeter and colleagues reported the
benefits of restrictive blood transfusion at haemoglobin
trigger <7g/dL in critically ill patients via conducting

meta-analysis, which presented with significant reductions
in total mortality (RR: 0.80, 95% CI: 0.65 to 0.98), in-hos-
pital mortality (RR: 0.74, 95% CI: 0.60 to 0.92), 30-day
mortality (RR: 0.77, 95% CI: 0.61 to 0.96), acute coro-
nary syndrome (RR: 0.44, 95% CI: 0.22 to 0.89), pulmo-
nary oedema (RR: 0.48, 95% CI: 0.33 to 0.72), rebleeding
(RR: 0.64, 95% CI: 0.45 to 0.90) and bacterial infections
(RR: 0.86, 95%CI: 0.73 to 1.00) when compared with
the liberal transfusion threshold group.17 However, this
meta-analysis did not provide a convincing conclusion
with only three RCTs included, and also failed to sepa-
rate adult and paediatric participants, as each population
shared different transfusion protocols.

Recently, in a review by Fominskiy et al,18 the restric-
tive and liberal RBC transfusion thresholds in critically
ill patients showed no significant difference in all-cause
90-day mortality (OR: 1.10, 95% CI: 0.99 to 1.23, p=0.07,
’=34%). In fact, this study was the first comprehensive
meta-analysis to address different transfusion thresholds
among critically ill and perioperative patients, but it
lacked a valid analysis of secondary outcomes which were
noteworthy factors for the effects of RBC transfusions.
Furthermore, Chong and colleagues also conducted
an updated analysis on the effects of RBC transfusion,
which included two more RCTs other than the same 10
trials included in Fominskiy’s study.' ' ** % These results
suggested that RBC transfusion with restrictive threshold
significantly reduced the risk of overall 30-day mortality
(OR: 0.82,95% CI: 0.70 to 0.97, p=0.019) when compared
with that with liberal threshold, accompanied with
declining risk of stroke/transient ischaemic attack (OR:
0.63, 95% CI: 0.40 to 0.99, p=0.04), transfusion reactions
(OR: 0.48, 95% CI: 0.29 to 0.80, p=0.005), allogenic blood
exposure (OR: 0.04, 95% CI: 0.01 to 0.14, p=0.001) and

<7g/dl Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Bergamin 2017 7 333 151 7 333 149 23.4% 0.00 [-0.23, 0.23]
Gobatto 2019 16 3.7 23 21 15.6 21 3.3% -0.44[-1.04,0.16]
Hebert 1999 11 10.7 418 115 113 420 654% -0.05 [-0.18, 0.09]
Walsh 2013 24 8.67 51 23 6 49  7.8% 0.13 [-0.26, 0.53]
Total (95% CI) 643 639 100.0%

Heterogeneity: Chi? = 2.59, df = 3 (P = 0.46); I> = 0%
Test for overall effect: Z=0.61 (P = 0.54)

-0.03 [0.14, 0.08]

1 05 0 05 1
favours restrictive favours liberal

Figure 4 Forest plot of the length of ICU stay. The difference in the length of ICU stay in the groups with different transfusion
thresholds is shown by the mean difference and 95% Cl in the forest plot. No marked improvement was seen in the length of
ICU stay with a transfusion threshold of haemoglobin <7 g/dL. ICU, intensive care unit.
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<7g/dl Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Bergamin 2017 4 151 4 149 12.8% 0.99 [0.24, 4.02]
Hebert 1999 3 418 12 420 38.9% 0.25[0.07, 0.88] — 0
Villanueva 2013 8 444 13 445 41.8% 0.61[0.25, 1.49] —
Walsh 2013 2 51 2 49 6.4% 0.96 [0.13, 7.09] D
Total (95% ClI) 1064 1063 100.0% 0.54 [0.30, 0.98] s
Total events 17 31

e Chi2 = = = -2 = 09 I t t i
Heterogeneity: Chiz = 2.57, df = 3 (P = 0.46); I? = 0% 0.01 01 1 10 100

Test for overall effect: Z =2.03 (P = 0.04)

favours restrictive favours liberal

Figure 5 Forest plot of myocardial infarction in ICU patients after RBCs transfusion. The forest plot shows the ORs and 95% CI
for myocardial infarction in the groups of ICU patients with different transfusion thresholds. Blood transfusion at a threshold of
haemoglobin <7 g/dL significantly decrease in the rate of myocardial infarction compared with the more liberal threshold. ICU,

intensive care unit; M-H, Mantel-Haenszel; RBC, red blood cell.

length of hospital stay (95% CI: 0.42 to 1.64, p=0.001),
hinting the safety of using restrictive transfusion protocol.
Actually, above two studies focused on different primary
outcomes, 30-day and 90-day mortality, respectively, and
further drew different conclusions even though both
included similar RCTs, indicating that the effects of
RBC transfusion varied with the stage of critical settings.
However, Hovaguimian and Myles®' performed a context-
specific systematic review and meta-analysis comparing
the restrictive and liberal transfusion thresholds and
found no significant differences in early mortality (OR:
0.94, 95% CI: 0.73 to 1.20, p=0.09, I’=45%) between the
two thresholds, indicating that the specific types and
severity of critical illness might be in need of different
strategies of RBC transfusion, especially for patients with
major surgery.

In the present study, we specifically concentrated on
the restrictive transfusion threshold of haemoglobin
<7g/dL in ICU patients. We included data from the
newly published Transfusion Requirements after Head
Trauma trial and the TRICOP trial, which presented with
increased mortality rate in the group with restrictive trans-
fusion thresholds in comparison with liberal transfusion
threshold group.”* This study showed that RBC trans-
fusion with restrictive threshold <7g/dL did not result
in significant improvement in short-term mortality when
compared with those using liberal thresholds.

Subgroup analysis

The first review with regard to the impact of blood trans-
fusion on the prognosis of septic shock patients was
conducted by Dupuis and colleagues.’” They showed no
association between RBC transfusion and mortality rate
in patients with septic shock, and also failed to deter-
mine correlations between the two different transfusion
thresholds or to infer the optimal transfusion threshold
for septic shock patients because of a shortage of high-
quality RCTs.* In fact, a 10 g/dL haemoglobin threshold
has been universally proposed for treatment of septic
shock as the crucial role of RBC transfusions in early
goal-directed therapy.”® Nonetheless, severe adverse
events caused by extensive blood transfusion have been
reported as a great threat for septic shock patients by
several studies.”™™® The restrictive strategy, as reported
previously, was beneficial for the improvement of micro-
circulation, while also saving blood products.lo 3 The
landmark TRISS trial that was conducted by Holst et al**
revealed no significant differences in 90-day mortality
between patients in the group with the transfusion
thresholds of 7g/dL and those with the more liberal
thresholds. In addition, the number of patients expe-
riencing ischaemic events and severe adverse reactions
was also similar between the two groups. The TRISS
trial demonstrated the safety and economic efficiency

<7g/dl Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bergamin 2017 8 151 5 149 17.3% 1.61[0.51, 5.04]
Holst 2014 35 488 39 489 33.5% 0.89[0.55, 1.43]
Robertson 2014 6 51 3 49 12.7% 2.04 [0.48, 8.68] N I
Villanueva 2013 3 444 6 445 13.4% 0.50 [0.12, 2.00] L
Walsh 2013 8 99 22 101 23.0% 0.32[0.13, 0.75] —
Total (95% CI) 1233 1233 100.0% 0.80 [0.43, 1.48] o
Total events 60 75
Heterogeneity: Tau? = 0.24; Chiz = 8.17, df = 4 (P = 0.09); 2= 51% =0'0 1 oi p ; 1=0 100=

Test for overall effect: Z = 0.71 (P = 0.48)

favours restrictive favours liberal

Figure 6 Forest plot of ischaemic events/thromboembolic events in ICU patients after RBC transfusions. The ORs and

95% ClI for ischaemic/thromboembolic events are presented in the forest plot. No significant difference was noted in ischaemic/
thromboembolic events between the group with the threshold of 7 g/dL haemoglobin compared with the group with the more
liberal threshold. ICU, intensive care unit; M-H, Mantel-Haenszel; RBC, red blood cell.
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<7g/dl Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.4.1 septic shock
Bergamin 2017 84 151 67 149 17.3% 1.53[0.97, 2.42] e
Holst 2014 168 502 175 496 23.8% 0.92[0.71, 1.20]
Mazza 2015 1 22 13 24 5.4% 0.85[0.27, 2.70] %
Subtotal (95% CI) 675 669 46.5% 1.10 [0.75, 1.62]
Total events 263 255

Heterogeneity: Tau? = 0.05; Chi? = 3.73, df =2 (P = 0.15); I = 46%
Test for overall effect: Z = 0.48 (P = 0.63)

1.4.2 non-sepsis

Gobatto 2019 7 23 1 21 1.7%
Hebert 1999 78 418 98 420 21.3%
Robertson 2014 9 99 9 101 7.1%
Villanueva 2013 23 444 41 445 15.2%
Walsh 2013 12 51 16 49 8.2%
Subtotal (95% CI) 1035 1036 53.5%
Total events 129 165

Heterogeneity: Tau? = 0.08; Chi* = 6.81, df =4 (P = 0.15); ?=41%
Test for overall effect: Z=1.34 (P = 0.18)

Total (95% CI) 1710 1705 100.0%
Total events 392 420
Heterogeneity: Tau? = 0.08; Chi? = 14.82, df = 7 (P = 0.04); 1> = 53%

Test for overall effect: Z = 0.70 (P = 0.48)

Test for subaroup differences: Chi2 = 1.71, df =1 (P = 0.19), 2 =41.6%
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Figure 7 Forest plot for short-term mortality following subgroup analysis. The forest plot shows the ORs and 95% Cl for the

all-cause short-term mortality of patients receiving RBC transfusions at various thresholds according to the subgroup analysis
of the septic shock and non-sepsis groups. Restrictive transfusion was incapable of decreasing short-term mortality in septic

ICU patients. ICU, intensive care unit; M-H, Mantel-Haenszel; RBC, red blood cell.

of the restrictive blood transfusion threshold, with a
well-controlled risk of bias. Mazzaet al*> performed a
randomised physiological study of septic shock patients
with the endpoint of abnormal lactate and ScvO, under
distinct pretransfusion haemoglobin concentrations.
However, they failed to provide valid data on mortality
with a relatively small sample size provided. Recently,
Bergamin and colleagues focused on cancer patients
who developed septic shock in the ICU through a
single-centre RCT.? Indeed, tumour patients who were
complicated by septic shock were in urgent need of
blood transfusion as high risk of anaemia.” *® Ideally,
the more restrictive threshold for transfusion might
reduce the occurrence of multiple transfusion-related
complications. In this study, we conducted a comprehen-
sive meta-analysis after enrolling all recently published
RCTs that covered septic shock cases. No marked differ-
ence in mortality was observed between the transfusion
threshold of haemoglobin <7 g/dL and the more liberal
transfusion threshold (OR: 1.08, 95% CI: 0.82 to 1.41,
p=0.54, 1’=20%). We assumed that these results might
be, at least in part, due to the overwhelming weight that
the TRISS trial carried and the relatively low quality of
the other three studies. Moreover, the study by Mazza
et al” enrolled participants with a diagnosis of malig-
nant tumorous, which might generate heterogeneity.
Taken together, we cannot determine that blood trans-
fusion at thresholds of 7g/dL is the optimal transfu-
sion threshold for patients with septic shock based on

current evidences, which urges more as well as large
clinical trials.

Strengths and limitations

This study mainly focused on analysing the impact of
the transfusion threshold of 7g/dL on the shortterm
outcomes of critically ill patients, which remains an
essential clinical practice but with controversy. Indeed,
the blood transfusion is given with different triggers
by different organisations, such as Surviving Sepsis
Campaign, the American college of critical care medi-
cine and the WHO.™"' Further analysis shows that
these guidelines are provided mainly based on long-
term effects of blood transfusion on ICU patients. Our
meta-analysis is the first report concerning the feasibility
of a transfusion threshold of haemoglobin <7g/dL with
regard to short-term mortality in critically ill patients,
which is an essential issue for survival of ICU patients
based on specific clinical characters. In addition, unlike
the previously published meta-analyses, which enrolled
studies with different restrictive transfusion thresholds,
we only included RCTs that specified the restrictive RBC
transfusion threshold as a pretransfusion haemoglobin
concentration <7g/dL to get relative solid conclusions.
Simultaneously, we performed an updated and compre-
hensive analysis that focused on ICU patients with septic
shock. Meanwhile, this analysis revealed no evidence of
significant small study bias according to visual inspection
of the funnel plot, Begg’s test and Egger’s test.
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Some limitations are also noted in the current
systematic review and meta-analysis. First, the number
of studies we enrolled was not large enough due to
the strict inclusion criteria of a restrictive transfusion
threshold of haemoglobin <7g/dL. Five relevant studies
that discussed the two different transfusion thresholds
among critically ill patients were excluded because of
their different definitions of restrictive RBC transfu-
sion thresholds.” ** Second, the heterogeneity in our
meta-analysis was relatively high, which was caused by
different outcome measurements and clinical settings.
Some trials with low-quality evidence and insufficient
participants might be another source of heterogeneity.
Correspondingly, we tried to eliminate the heterogeneity
by conducting a subgroup analysis and analysing the
effects. Third, there was imperfect blinding of the study
participants in the trials mainly owing to the nature of the
interventions. Fourth, the sample sizes of all incorporated
RCTs were varied. We applied the M-H method to address
this diversity in sample sizes and to avoid our results from
being dominated by the larger studies. Finally, we failed
to testify if haemoglobin level <7g/dL was the optimal
threshold for the blood transfusions in critically ill
patients and in those with septic shock basing on a lack of
sufficient evidence.

CONCLUSIONS AND CLINICAL IMPLICATIONS

The present meta-analysis of RCTs focused on the effect
of RBC transfusions at the threshold of haemoglobin
<7g/dL on the survival and prognosis of ICU patients.
RBC transfusions at the threshold of haemoglobin <7g/
dL did not result in significant difference in short-term
mortality when compared with transfusions adminis-
tered at a more liberal threshold. However, it might asso-
ciate with decreased MI events, suggesting its potentially
protecting role for critically ill patients. Besides, regarding
ICU patients with septic shock, RBC transfusions at the
restrictive threshold did not improve short-term mortality
compared with transfusions at the more liberal threshold.
Therefore, we recommend a haemoglobin trigger of 7g/
dL for critically ill patients with or without septic shock
due to the cost and resource saving effects, as well as
its latent value in reducing severe adverse effects. Still,
further studies are required to validate our findings. This
study indeed provides novel conclusions on the impact of
blood transfusion on short-term outcomes of critically ill
patients as well as patients with septic shock. Even though
it was hard to determine that the haemoglobin trigger of
7g/dL was the optimal strategy for RBC transfusion, but
it did show advantages in managing the use of RBC units
and urged prudent decision-making in blood transfusion
for critically ill patients.

Author affiliations

"Department of Burn Surgery, Changhai Hospital, the Second Military Medical
University, Shanghai, China

*Trauma Research Center, Fourth Medical Center of the Chinese PLA General
Hospital, Beijing, China

SDepartment of Orthopedics, Changhai Hospital, the Second Military Medical
University, Shanghai, China

“Department of Critical Care Medicine, Beijing Fuxing Hospital, Capital Medical
University, Beijing, China

Acknowledgements We greatly appreciated the excellent job and kind share of
professor Holst in providing important evidence on the impact of blood transfusion
with liberal and restrictive haemoglobin thresholds on short-term mortality.

Contributors YMY and ZFX conceived the meta-analysis. RQY and CR extracted all
data. YBZ and ZCZ undertook and refined the searches. RQY and CR co-wrote the
paper. RQY undertook the statistical analyses. All authors contributed to and revised
the final manuscript.

Funding This work was supported by grants from the National Natural Science
Foundation (Nos. 81730057, 81930057) and the National Key Research and
Development Program of China (No. 2017YFG1103302).

Competing interests None declared.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access
repository. All data relevant to the study are included in the article or uploaded as
supplementary information.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Chao Ren http://orcid.org/0000-0002-3173-4301
Yi-bing Zhu http://orcid.org/0000-0001-6544-4313

REFERENCES

1 Rosland RG, Hagen MU, Haase N, et al. Red blood cell transfusion
in septic shock - clinical characteristics and outcome of unselected
patients in a prospective, multicentre cohort. Scand J Trauma Resusc
Emerg Med 2014;22:14.

2 Klein HG, Spahn DR, Carson JL. Red blood cell transfusion in clinical
practice. Lancet 2007;370:415-26.

3 Amin M, Fergusson D, Aziz A, et al. The cost of allogeneic red blood
cells - a systematic review. Transfus Med 2003;13:275-86.

4 Corwin HL, Surgenor SD, Gettinger A. Transfusion practice in the
critically ill. Crit Care Med 2003;31:5S668-71.

5 Kristof K, Buttner B, Grimm A, et al. Anaemia requiring red blood
cell transfusion is associated with unfavourable 90-day survival in
surgical patients with sepsis. BMC Res Notes 2018;11:879.

6 Holst LB. Benefits and harms of red blood cell transfusions in
patients with septic shock in the intensive care unit. Dan Med J
2016;63:B5209.

7 Madjdpour C, Spahn DR. Allogeneic red blood cell transfusions:
efficacy, risks, alternatives and indications. Br J Anaesth
2005;95:33-42.

8 Marik PE, Corwin HL. Efficacy of red blood cell transfusion in the
critically ill: a systematic review of the literature*. Crit Care Med
2008;36:2667-74.

9 Hopewell S, Omar O, Hyde C, et al. A systematic review of the effect
of red blood cell transfusion on mortality: evidence from large-scale
observational studies published between 2006 and 2010. BMJ Open
2013;3:e002154.

10 Hébert PC, Wells G, Blajchman MA, et al. A multicenter, randomized,
controlled clinical trial of transfusion requirements in critical care.
transfusion requirements in critical care Investigators, Canadian
critical care Trials Group. N Engl J Med 1999;340:409-17.

11 Holst LB, Petersen MW, Haase N, et al. Restrictive versus liberal
transfusion strategy for red blood cell transfusion: systematic review
of randomised trials with meta-analysis and trial sequential analysis.
BMJ 2015;350:h1354.

12 Carson JL, Carless PA, Hebert PC. Transfusion thresholds and other
strategies for guiding allogeneic red blood cell transfusion. The
Cochrane database of systematic reviews 2012;4:Cd002042.

Yao R, et al. BMJ Open 2020;10:¢030854. doi:10.1136/bmjopen-2019-030854


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-3173-4301
http://orcid.org/0000-0001-6544-4313
http://dx.doi.org/10.1186/1757-7241-22-14
http://dx.doi.org/10.1186/1757-7241-22-14
http://dx.doi.org/10.1016/S0140-6736(07)61197-0
http://dx.doi.org/10.1046/j.1365-3148.2003.00454.x
http://dx.doi.org/10.1097/01.CCM.0000099348.99451.84
http://dx.doi.org/10.1186/s13104-018-3988-z
http://www.ncbi.nlm.nih.gov/pubmed/26836806
http://dx.doi.org/10.1093/bja/aeh290
http://dx.doi.org/10.1097/CCM.0b013e3181844677
http://dx.doi.org/10.1136/bmjopen-2012-002154
http://dx.doi.org/10.1056/NEJM199902113400601
http://dx.doi.org/10.1136/bmj.h1354

13

Hébert PC, Yetisir E, Martin C, et al. Is a low transfusion threshold
safe in critically ill patients with cardiovascular diseases? Crit Care

pragmatic, open-label, cluster randomised feasibility trial. Lancet
2015;386:137-44.

Med 2001;29:227-34. 31 Hovaguimian F, Myles PS. Restrictive versus liberal transfusion

14 Silva Junior JMda, Rezende E, Amendola CP, et al. Red blood cell strategy in the perioperative and acute care settings: a context-
transfusions worsen the outcomes even in critically ill patients specific systematic review and meta-analysis of randomized
undergoing a restrictive transfusion strategy. Sao Paulo Med J controlled trials. Anesthesiology 2016;125:46-61.

.5 €012?L3gz75§33t-_ H KA. Hebert CA. et 4. Effect of red cel 32 Dupuis C, Sonneville R, Adrie C, et al. Impact of transfusion on

onra , Dietric , Hebe , et al. Effect of red ce i i i i ini i it i
transfusion on oxygen consumption following fluid resuscitation in ?ezilt;;?vtzr\:\gt&:g:_salrs]::;iggt::I;r}llr;;ir;isvl\éecc;e;;ez%r}lt7.;?:is:ﬁ/stematlc

16 ;ep#c Sg%dé- C:gc SJhSOCIf‘ 1990;?\;21‘;’;2% fus g 33 Rivers E, Nguyen B, Havstad S, et al. Early goal-directed therapy
Stefes OF, Bender 5, Levion WA, Blood rastusion s oxygen inth reaiment ofsever sepsisand spic hock.V Engl/ M

e S e L ore SLilve, 34 Gt Wang 1, Gotumuidala, ot al.Inammatoryrsponss,

. . ; X ; immunosuppression, and cancer recurrence after perioperative blood
and systematic review. Am J Med 2014;127:124-31. transfusions. Br J Anaesth 2013:110:690-701

18 Fominskiy E, Putzu A, Monaco F, et al. Liberal transfusion strategy 35 Amato A Péscatori M Cochrané Coiorectal dancer Grou
improves survival in perioperative but not in critically ill patients. A . . ! ] p-
meta-analysis of randomised trials. Br J Anaesth 2015;115:511-9. Perioperative blood transfusions and recurrence of colorectal cancer.

19 Chong MA, Krishnan R, Cheng D, et al. Should transfusion trigger Cochrane Database Syst Rev 2006;32:Cd005033.
thresholds differ for critical care versus perioperative patients? A 36 Mynst.er T' Christensen 1J, Mo.esgaard Fetal Eﬁ,eCtS, of thg
meta-analysis of randomized trials. Crit Care Med 2018;46:252-63. combination of blood transfusion and postoperative infectious

20 Singer M, Deutschman CS, Seymour CW, et al. The third complications on prognosis after surgery for colorectal cancer.
International consensus definitions for sepsis and septic shock Danish RANX05 colorectal cancer Study Group. Br J Surg
(Sepsis-3). JAMA 2016;315:801-10. 2000;87:1553-62.

21 Zarychanski R, Doucette S, Fergusson D, et al. Early intravenous 37 den Uil CA, Lagrand WK, Spronk PE, et al. Does red blood cell
unfractionated heparin and mortality in septic shock*. Crit Care Med transfusion result in a variate microvascular response in sepsis? Crit
2008;36:2973-9. Care Med 2007;35:2464-5.

22 Holst LB, Haase N, Wetterslev J, et al. Lower versus higher 38 Soares M, Caruso P, Silva E, et al. Characteristics and outcomes of
hemoglobin threshold for transfusion in septic shock. N Engl J Med patients with cancer requiring admission to intensive care units: a
2014;371:1381-91. prospective multicenter study*. Crit Care Med 2010;38:9-15.

23 Mazza BF, Freitas FGR, Barros MMO, et al. Blood transfusions in 39 Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis campaign:
“sgepti_(l: $h05k1715 7-(_)97d:- really g(ﬁ ggi;l’ggfizge threshold? Revista international guidelines for management of sepsis and septic shock:

rasileira ae lerapia Intensiva 12 (156-45. 2016. Intensive Care Med 2017;43:304-77.

24 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 40 Davis AL, Carcillo JA, Aneja RK, et al. American College of critical
systematic reviews and meta-analyses: the PRISMA statement. Ann care medicine clinical practice parameters for hemodynamic
Intern Med 2009;151:264-9. o support of pediatric and neonatal septic shock. Crit Care Med

25 Robertson C.S, Hannay HJ, Yamal J-M., et al. Effect of erythropoptm 2017:45:1061-93.
anq tr'lar)sfuswn threshol_d on. neurological recovery after traumatic 41 Obonyo NG, Byrne L, Tung J-P, et al. Pre-Clinical study
b.'a'” injury. JAMA 2014;312:36-47. . . protocol: blood transfusion in endotoxaemic shock. MethodsX

26 Villanueva C, Colomo A, Bosch A, et al. Transfusion strategies for 2019:6:1124-32
acute upper gastrointestinal bleeding. N Engl J Med 2013;368:11-21. o ' . -

27 Walsh TS, Boyd JA, Watson D, et al. Restrictive versus liberal 42 g:ri‘f’;‘s%n ﬁ:feosﬁl"ggﬂfoébta";:n{?ﬁ:’s %b‘etrar'n"‘i{ sus :eﬁt”c“"rf
transfusion strategies for older mechanically ventilated critically ill . _p X ymptomatic coronary artery
patients. Crit Care Med 2013;41:2354-63. disease. Am Heart J 2013;165:964-71. .

28 Gobatto ALN, Link MA, Solla DJ, et al. Transfusion requirements 43 (_)ooper HA, Rao 8V, Greeqberg MD, et al. C_on_servatl_ve versus
after head trauma: a randomized feasibility controlled trial.. Crit Care liberal red cell transfusion in acute myocardial infarction (the CRIT
2019;23:89. randomized pilot study). Am J Cardiol 2011;108:1108-11.

29 Bergamin FS, Aimeida JP, Landoni G, et al. Liberal versus restrictive 44 Hebert PC, Wells G, Marshall J, et al. Transfusion requirements in
transfusion strategy in critically ill oncologic patients: the transfusion critical care. A pilot study. Canadian critical care Trials Group. JAMA
requirements in critically ill oncologic patients randomized controlled 1995;273:1439-44.
trial. Crit Care Med 2017;45:766-73. 45 Blair SD, Janvrin SB, McCollum CN, et al. Effect of early

30 Jairath V, Kahan BC, Gray A, et al. Restrictive versus liberal blood blood transfusion on gastrointestinal haemorrhage. Br J Surg
transfusion for acute upper gastrointestinal bleeding (trigger): a 1986;73:783-5.

10 Yao R, et al. BMJ Open 2020;10:¢030854. doi:10.1136/bmjopen-2019-030854


http://dx.doi.org/10.1097/00003246-200102000-00001
http://dx.doi.org/10.1097/00003246-200102000-00001
http://dx.doi.org/10.1590/S1516-31802012000200002
http://www.ncbi.nlm.nih.gov/pubmed/2397567
http://dx.doi.org/10.1097/00003246-199104000-00010
http://dx.doi.org/10.1016/j.amjmed.2013.09.017
http://dx.doi.org/10.1093/bja/aev317
http://dx.doi.org/10.1097/CCM.0000000000002873
http://dx.doi.org/10.1001/jama.2016.0287
http://dx.doi.org/10.1097/CCM.0b013e31818b8c6b
http://dx.doi.org/10.1056/NEJMoa1406617
http://dx.doi.org/10.5935/0103-507X.20150007
http://dx.doi.org/10.5935/0103-507X.20150007
http://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
http://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
http://dx.doi.org/10.1001/jama.2014.6490
http://dx.doi.org/10.1056/NEJMoa1211801
http://dx.doi.org/10.1097/CCM.0b013e318291cce4
http://dx.doi.org/10.1186/s13054-018-2273-9
http://dx.doi.org/10.1097/CCM.0000000000002283
http://dx.doi.org/10.1016/S0140-6736(14)61999-1
http://dx.doi.org/10.1097/ALN.0000000000001162
http://dx.doi.org/10.1186/s13613-016-0226-5
http://dx.doi.org/10.1056/NEJMoa010307
http://dx.doi.org/10.1093/bja/aet068
http://dx.doi.org/10.1002/14651858.CD005033.pub2
http://dx.doi.org/10.1046/j.1365-2168.2000.01570.x
http://dx.doi.org/10.1097/01.CCM.0000284756.78940.C1
http://dx.doi.org/10.1097/01.CCM.0000284756.78940.C1
http://dx.doi.org/10.1097/CCM.0b013e3181c0349e
http://dx.doi.org/10.1007/s00134-017-4683-6
http://dx.doi.org/10.1097/CCM.0000000000002425
http://dx.doi.org/10.1016/j.mex.2019.05.005
http://dx.doi.org/10.1016/j.ahj.2013.03.001
http://dx.doi.org/10.1016/j.amjcard.2011.06.014
http://dx.doi.org/10.1002/bjs.1800731007

	Is haemoglobin below 7.0 g/dL an optimal trigger for allogenic red blood cell transfusion in patients admitted to intensive care units? A meta-­analysis and systematic review
	Abstract
	Introduction﻿﻿
	Materials and methods
	Patient and public involvement
	Search strategy and information sources
	Eligibility and exclusion criteria
	Study selection
	Data collection
	Risk of bias assessment
	Grading quality of evidence
	Outcomes
	Data synthesis and analysis

	Results
	Search results and the characteristics of the included studies
	Risk of bias
	Quality of evidence
	Primary outcome: short-term mortality
	Secondary outcome: length of hospital stay, length of ICU stay, MI and ischaemic events
	Small study bias
	Subgroup analysis

	Discussion
	Major findings
	Relations to other meta-analysis
	Subgroup analysis
	Strengths and limitations

	Conclusions and clinical implications
	References


