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INTRODUCTION 
The primary treatment of patients with septic shock is to optimise 
circulation and support organ perfusion by prompt administration 
of antibiotics and infection source control and resuscitation with 
intravenous fluids and vasopressor/inotropic drugs. These inter-
ventions may be supplemented with transfusion of blood (red 
blood cells (RBCs)) in case of anaemia (low numbers of RBCs) and 
persistent hypoperfusion.1 Scandinavian Intensive Care Units 
(ICUs) were among the most frequent users of RBC transfusions2 
for patients with septic shock, transfusing half of these patients 
with a median of between three and five units of RBCs during the 
ICU stay.3,4 Clinical trials and observational studies trying to un-
cover the effects and safety of blood transfusions first started to 
emerge 15-20 years ago and showed that blood transfusions were 
associated with harmful effects in critically ill patients.5–8 
Blood transfusion has been perceived as a safe and effective 
treatment for patients with anaemia for almost 100 years. Trans-
fusion practice has slowly moved towards a more restrictive ap-
proach due to emerging trial data supporting still lower ‘triggers’ 
for transfusion of RBCs, subsequent revised clinical guidelines9 
and increased focus on the concept of blood management.10 RBC 
transfusion is highly controversial because data from randomised 
clinical trials in different clinical settings are still lacking including 
patients with septic shock and practices are highly based on tradi-
tion and theory because of that.9 
This thesis is based on a randomised clinical trial that assesses the 
benefits and harms of two different haemoglobin thresholds for 
guiding RBC transfusion in patients with septic shock in the ICU 
and a systematic review including other trials assessing trigger 
guided RBC transfusion in a variety of clinical settings. The thesis 
contains description of the undertaken trial and meta-analysis 
and a discussion of their methods. Finally, the evidence for trigger 
guided RBC transfusion will be discussed. 
In the following text the terms lower and higher haemoglobin 
thresholds (used in paper II) will be used synonymously with the 
terms restrictive and liberal transfusion strategies (used in paper I 
and paper III). Blood haemoglobin levels will preferentially be pre-
sented with the unit g/dl as this is the international standard.  
 

BACKGROUND 
Red blood cell transfusion 

Benefits and harms of red blood cell transfusions in 
patients with septic shock in the Intensive Care Unit 
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Transfusion medicine has become a specialist discipline since the 
first human to human transfusion (allogeneous transfusion) was 
performed and the discovery of the AB0 blood group a century 
ago. The first transfusions were given as whole blood donations 
and later fractionated blood products were developed from 
whole blood into separated blood products as RBCs, plasma and 
platelets.11 RBCs are currently suspended in mediums consisting 
of citrate-dextrose-phosphate or saline-adenine- glucose-manni-
tol (SAGM) and stored in plastic bags for up to 42 days under low 
temperature.12  
 Transfusion of RBCs can be lifesaving in bleeding patients but 
most RBCs are transfused in non-bleeding patients with low hae-
moglobin levels (anaemia) as this is still the only means of achiev-
ing a momentary increase in haemoglobin level.9,13,14 
 
Sepsis, severe sepsis and septic shock 
Sepsis is a medical condition characterised by a deleterious 
whole-body inflammatory host response (systemic inflammatory 
response syndrome (SIRS)) to infection often taking place in the 
lungs, abdomen or urinary tract, inducing endothelial dysfunction 
leading to vascular leakage and vasodilatation.15 Ultimately sep-
sis may result in relative and absolute hypovolaemia leading to 
organ hypoperfusion (severe sepsis) and manifest cardiovascular 
compromise with diminished oxygen delivery and impaired tissue 
oxygenation (shock) not reversed by initial fluid therapy (septic 
shock).1,16,17 If shock persists, the result is progressive multiple 
organ failure and mortality rates close to 50% and in some sub-
group of patients up to 75%.18  
The course of sepsis evolving from sepsis to severe sepsis to sep-
tic shock   dependent upon the causative organism(s), genetic 
constitution and underlying health status of the host patient but 
also on the timeliness of identification and therapeutic interven-
tion.19  
Treatment of patients with septic shock is a complicated task and 
is primarily undertaken in the ICU. Initial management is about 
controlling the infection and reversing the detrimental effects of 
shock by sustaining tissue oxygenation using fluids to restore in-
travascular volume, use of vasopressors to restore vascular tone 
and RBC transfusion to augment oxygen delivery. Sepsis is one of 
the leading causes of death worldwide and may in developed 
countries account for 8-9% of all deaths, thus representing a ma-
jor global health problem.20 
 
Oxygen delivery  
The main function of RBCs is to transport oxygen (O2) from the 
pulmonary to the peripheral capillaries and return carbon dioxide 
(CO2) from the microcirculation to the lungs. Haemoglobin is the 
oxygen binding molecule encapsulated in the red blood cells and 
most oxygen is carried to the organ tissues this way. Delivery of 
oxygen (DO2) to the body tissues is defined by21:   
 
Cellular hypoxia develops when oxygen consumption (VO2) in the 
tissues exceeds DO2 and below this threshold (DO2crit) an oxygen 
uptake-to-supply dependency is present. Acute onset of anaemia 
to levels as low as 5 g/dl are well tolerated in resting healthy hu-
mans because of compensatory mechanisms to sustain tissue oxy-
genation.22 The DO2 is between three and four times greater 
than global VO2 and with increasing cardiac output (CO), redistri-
bution of blood flow to vital organs, a right shift in oxygen dissoci-
ation curve (a decrease in haemoglobin affinity for oxygen), re-
cruitment of capillaries (increased capillary density), lowered 
blood viscosity, and increased oxygen extraction (O2ER) the body 

will preserve DO2 above the critical level in otherwise healthy 
anaemic patients.21,23       
 
Tolerance of anaemia  
Tolerance to anaemia is highly dependent on patient volume sta-
tus, physiological reserve and the dynamics of the anaemia 
(chronic versus acute onset). Critically ill patients with septic 
shock are relative and absolute hypovolemic, have heterogene-
ous microcirculation and many endure severe comorbidity - and 
together with abrogated circulatory mechanisms - make these pa-
tients less capable of counteracting the deleterious effects of 
anaemia without resuscitation including RBC transfusion.23,24 
Other groups of patients probably less susceptible to anaemia are 
patients with coronary artery disease and acute myocardial in-
farction but also patients with acute brain injury. Oxygen delivery 
to the myocardium is highly flow-dependent since the heart O2ER 
is high in its resting state, and myocardial ischemia might occur or 
worsen with lower haemoglobin levels.25,26  Due to the injured 
brains inability to compensate for decreased oxygen delivery, pa-
tients with traumatic brain injury might also require higher levels 
of haemoglobin to prevent secondary cerebral ischaemic in-
sults.27 But the impact of increasing haemoglobin levels are com-
plicated by the possibility that this also may increase the risk of is-
chemia in both groups of patients.28,29  
Ideally, RBCs should be transfused before reaching DO2crit 
thereby restoring the blood oxygen-carrying capacity in the trans-
fused patients to prevent tissue hypoxia and shock and thereby 
multiple organ failure. However the relationship between DO2 
and VO2 in different subgroups of critically ill patients, including 
patients with septic shock, have been difficult to predict as global 
DO2 increases with RBC transfusion but without a corresponding 
increase in oxygen consumption VO2.30,31  
 
Red blood cell storage lesion and leukocyte depletion 
One explanation for the lack of increase in VO2 following increase 
in DO2 may be that tissue hypoxia in the early phase of septic 
shock are caused by heterogeneous microcirculation and perfu-
sion (stagnant hypoxia)32 which may not be resolved by RBC 
transfusion because stored RBCs do not deliver oxygen as well as 
genuine cells. The reduced ability may be caused by a combina-
tion of storage related biochemical and biomechanical altera-
tions, modifying RBCs and the storage medium, the so-called stor-
age lesion. Intracellular changes include depletion of 2.3-
diphosphorglycerate (2.3 DPG) and depletion of adenosine tri-
phosphate (ATP). Structural changes in the RBCs during storage 
include loss of cellular membrane integrity with phospholipid ve-
siculation and protein oxidation. Because of this RBCs undergo a 
shape change with loss of deformability and increased osmotic 
fragility leading to increased red cell-endothelial interaction (Fig-
ure 1).33 

 

 
Figure 1 Electron microscope images showing corpuscular changes in red 

blood cells during storage.34   
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Furthermore, changes in the storage medium takes place as de-
crease in pH, increase in plasma potassium, release of free hae-
moglobin and iron, and accumulation of bio-reactive sub-
stances.35 Together storage lesion mechanisms decrease the 
RBCs ability to deliver oxygen to the tissues and increase the im-
munomodulatory potential within the storage medium.  However 
the clinical implications of these alterations remain unknown and 
large RCTs are in progress.33,36 
Another explanation for the lack of increase in VO2 with DO2 in-
crease may be that the organ cells are unable to exploit the in-
crease in available oxygen due to mitochondrial changes and this 
type of hypoxia (cytopathic hypoxia)37 will not be resolved by in-
creased DO2.17,38 
 
Transfusion related complications and adverse events  
The decision to transfuse a patient with RBCs should ideally bal-
ance the potential risks with transfusion against the risks of not 
transfusing (e.g. anaemia) (figure 2).  

 
Figure 2 Showing risks to be outweighted before decision to transfuse. 
 
Transfusion related risks can be defined as infectious or non-in-
fectious serious hazards of transfusions (NISHOT) and the 
NISHOTs may be mediated by immune response or not. The risk 
of transfusion transmitted viral infections such as humane im-
mune deficiency virus (HIV) and Hepatitis (HBV, HCV) have almost 
been eliminated in high income countries and bacterial infections 
and prion infections are few.24,39,40 Procedural errors in rela-
tion to transfusion together with the leading cause of transfusion 
related mortality - transfusion-related circulatory overload (TACO) 
- are the greatest hazards related to transfusion of red blood cells 
(Table 1).41,42 
RBC transfusion may also be associated with a transfusion-related 
modulation of the immune system (TRIM) potentially linked to 
storage lesion. Especially in critically ill patients TRIM may repre-
sent a significant “second-hit” when added to pre-existing sys-
temic inflammatory response syndrome (SIRS) underlying sepsis, 
causing increased number of infections and multiple organ fail-
ure,35,43,44 and increased risk of transfusion-related acute lung 
injury (TRALI).45,46 A number of observational studies have tried 
to uncover possible associations between RBC transfusions and 
clinical adverse outcomes (mortality, infections, acute respiratory 
distress syndromes, myocardial infarction) also in critically ill pa-
tients but a causal relationship is still questionable.8,13,14,47 
The use of leukocyte reduction, a process reducing the number of 
white blood cells (WBCs), have showed to decrease the immuno-
modulating properties of stored RBCs but the clinical benefit is 
still unknown. However, leukoreduction is now routinely per-
formed in most European countries.48–50  

 
Table 1 Selected infectious and non-infectious hazards with transfusion 

of red blood cells.40,51 The large range of incidences in numbers of haz-
ards especially in transfusion related acute lung injury (TRALI)46,52 and 
transfusion related circulatory overload (TACO)42,53 are due to differ-
ences in clinical setting, definition of entities and type of surveillance sys-
tems being used.  

 

 
 
Anaemia in critical illness and in patients with septic shock  
Anaemia is defined as a haemoglobin level of less than 13 g/dl 
(8.0 mM) in men and  12 g/dl (7.5 mM) in women and severe 
anaemia is defined as a haemoglobin level below 8 g/dl (5.0 
mM).54  Anaemia is highly prevalent in critically ill patients and 
appears early in the ICU course with 65% of patients with a hae-
moglobin level below 12 g/dl (7.5 mM) at time of admission to 
the ICU, and 97% of patients becoming anaemic by day 8.13,47,55 
Anaemia is more prominent in patients with septic shock with a 
mean admitting haemoglobin level of 10.5g/dl (6.5mM) and more 
than half of patients with septic shock decreases to haemoglobin 
level below 9 g/dl (5.6 mM) during the first 3 days of 
shock.4,13,55 
 Anaemia in the critically ill patient is multifactorial and re-
sults from two fundamental processes; a shortened circulatory 
life span and/or diminished production of RBCs. Only 10-15% of 
patients have chronic anaemia before ICU admission and most 
critical ill patients show a phenotypical normochromic, normo-
cytic anaemia with high ferritin concentrations, low serum ion 
and low transferrin saturation. Both haemodilution with admin-
istration of intravenous fluids, blood loss during procedural inter-
ventions and repeated blood sampling as well as rheologic 
changes inducing RBC removal via the reticuloendothelial system 
are among the most important aetiologies for anaemia in the crit-
ical care setting.56,57 Reduced RBC production are seen as conse-
quences of decreased endogenous erythropoietin levels, hypore-
active bone marrow and immune-associated functional iron 
deficiency all associated with critical ilness.56,58  
 
Alternatives to RBC transfusion 
Erythropoietin (EPO) has been tested in several RCTs and did not 
improve survival, but may increase the risk of thromboembolic 
events.59 None of the artificial blood substitutes (Haemoglobin 
Binding Oxygen Carriers (HBOCS) or perflurochemicals (PFCs)) are 
currently approved for human use in Europe or the US and their 
use in the critical illness setting would probably be limited be-
cause of their short half-life of 12 to 48 hours and adverse ef-
fects.9,60 Iron supplementation is a known intervention to treat 
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iron deficiency anaemia but needs further investigation in criti-
cally ill patients before recommended because of the potential in-
creased risk of infections.56  
 
Transfusion triggers 
The goal of transfusing non-bleeding patient is to avoid organ is-
chemia. When evidence of poor oxygenation exists, clinicians 
must decide whether to increase the cardiac output using fluids 
and/or inotropic drugs; or improve the oxygen carrying capacity 
by RBC transfusion. The single most important driver for RBC 
transfusions (the transfusion trigger) is the haemoglobin value (or 
in certain clinical settings haematocrit values).3,4,13,14 Physio-
logical measures and clinical signs such as Central venous oxygen 
saturation (ScvO2), blood lactate concentration, ST-segment dy-
namics and fluid resistant tachycardia might be useful to help 
guide blood transfusion decisions, but all methods lack specificity 
as diagnostic tests and future trials must define trigger values for 
these measurements before they act as primary drivers for RBC 
transfusion.21,61 
 
Transfusion practice  
The standard transfusion triggers for RBC transfusion has been a 
haemoglobin level of 6 g/dl (haematocrit level of 30%)62–64 and 
these triggers were not questioned for many years.5,65–67 The 
mean pre-transfusion haemoglobin level in ICU patients are re-
ported to be around 8.5 g/dl (5.3 mM).13,14 Two prospective 
cohort studies3,4 in adult patients with septic shock admitted to 
Danish ICUs showed results comparable to earlier findings with a 
median pre-transfusion trigger value of 8.3 g/dl (interquartile 
range (IQR) 7.7 to 9.0 g/dl  (4.8 to 5.6 mM) and 8.1 g/dl ((IQR) 7.4 
to 8.9 g/dl  (4.6 to 5.5 mM)) Furthermore, these values were inde-
pendent of shock day (figure 3)3,4 and data from the 6S-trial68 
and the SAFE TRIPS2 study (Simon Finfer, personal communica-
tion) confirmed that pre-transfusion haemoglobin levels in pa-
tients with septic shock were independent of shock day. 

 

 
Figure 3 (Panel A) Showing pre-transfusion haemoglobin levels in 164 pa-
tients in 6 Danish ICUs, (Panel B) showing a scatter plot of pre-transfusion 
haemoglobin levels over time in the same patient group (thick bars repre-
senting the median).3 
 
Evidence for RBC transfusion in patients with septic shock prior to 
the TRISS trial 
Results of one randomised trial69 assessing the effects of early 
goal-directed therapy (EGDT) were adopted by the Surviving Sep-
sis Campaign70 as evidence for transfusion in the early resuscita-
tion phase with signs of hypoperfusion. The trial by Rivers et al. 
was a single centre trial investigating the effect of target con-
trolled and protocol based resuscitation in 263 patients with se-
vere sepsis or septic shock in the first six hours after admittance 
to an emergency department. Patients were randomised to either 

control (usual care) or a protocol including a number of interven-
tions such as resuscitation fluids, inotropic agents and blood 
transfusion to haematocrit above 30% (approximately 10.0 g/dl 
(6.2 mM)) if hypoperfusion persisted (ScvO2<70%).  Trial results 
showed a significant reduction in mortality (RR 0.58, 95% CI 0.38 
to 0.87) with the use of EGDT protocol however; the clinical bene-
fit of single interventions in the complex protocol is difficult to 
comprehend (e.g. RBC transfusion).   
In the later phase of sepsis (when hypoperfusion has resolved) 
and without the presence of myocardial ischemia, severe hypox-
emia, acute haemorrhage or ischemic coronary artery disease the 
haemoglobin level should be targeted at levels of 7-9 g/dl (4.3 to 
5.6 mM) according to guidelines.70 The evidence were based on 
data form the Transfusion Requirements in Critical Care trial 
(TRICC) trial conducted by Hebert et al. 15 years ago.5 A broad 
range of critically ill normovolaemic ICU patients was randomised 
to a transfusion trigger of 7 g/dl (4.3 mM) or 10 g/dl (6.2 mM) in 
this trial. Results showed no statistically significant difference in 
30-day mortality (primary outcome) between the two groups, but 
a trend towards increased hospital mortality and significantly in-
creased risk of cardiopulmonary complications in the liberal 
group. Predefined subgroup analyses showed significantly lower 
mortality in the lower threshold group in younger (age < 55 years) 
and less severely ill patients (Acute Physiology and Chronic Health 
Evaluation (APACHE) II-score below 20).Trial results were subse-
quently repeated in the a paediatric population in the TRIPICU 
trial.71 The trial randomly assigned 637 haemodynamically stable 
critically ill children to receive RBC at either 7 g/dl or 9.5 g/dl and 
no difference in the primary outcome of multiple organ-dysfunc-
tion syndrome or any of the primary outcomes (mortality, ad-
verse events, nosocomial infections or length of ICU stay) were 
shown.  
A systematic review of observational studies evaluating the ef-
fects of RBC transfusions on mortality and morbidity in different 
groups of critically ill patients was published by Marik & Corwin in 
2008.7 Authors reported that in 42 of 45 included studies, nega-
tive effects of RBCs outweighed any benefit. Later published ret-
rospective cohort studies investigated the association between 
anaemia, blood transfusion and mortality in patients with septic 
shock and showed that blood transfusion were associated with 
both decreased47,72,73and increased risk of mortality.74 This 
cause-effect relationship is complicated in transfusion studies as 
severity of illness is associated with both transfusion and mortal-
ity (confounding by indication). Adjustment for volume of RBC 
transfusion and other known confounders can be done in obser-
vational studies but will most likely never be able to remove these 
effects and for sure not the possible effects of unknown con-
founders.75 
When planning the Transfusion Requirements in Septic Shock 
(TRISS) trial in the early 2011 the use of RBC transfusions in pa-
tients with septic shock were controversial and guidelines were 
largely based on two trials showing somewhat conflicting results. 
No trial had assessed the effects and safety of RBC transfusion in 
patients with septic shock and the TRICC trial included critically ill 
patients already resuscitated, questioning the possibility of hy-
poperfusion in the subgroup with severe infections. Furthermore 
the patients were transfused with non-leukoreduced RBCs, mak-
ing it difficult to adapt the results to clinical practice today.  
 
Aims of studies  
Our aim (paper I and paper II) was to conduct a pragmatic trial to 
assess the effects and safety of haemoglobin based RBC transfu-
sion trigger points, representing current RBC transfusion practice, 
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on 90-day mortality (primary outcome measure), organ failure, 
severe adverse reactions (SARs) and ischaemic events in ICU pa-
tients with septic shock. Secondarily, (paper III) we aimed at com-
paring our results with those of other randomised trials and sub-
sequently perform an up-to-date systematic review with meta-
analysis of evidence comparing benefits and harm of different 
RBC transfusion strategies. 

STUDY OUTLINE 
The present PhD thesis is based on two studies and three papers: 
 
Study I is the Transfusion Requirements in Septic Shock (TRISS) 
Trial, a randomised multicentre trial assessing the effects and 
safety of a lower haemoglobin threshold versus a higher haemo-
globin threshold in patients with septic shock in the ICU. Paper I is 
the design and rationale paper for the TRISS trial and paper II is 
the main publication of the trial results, presenting data on mor-
tality and other predefined outcomes. 
 
Study II is a systematic review of randomised controlled trials 
comparing benefit and harm of using restrictive versus liberal 
transfusion trigger strategies to guide RBC transfusion.  

STUDY I: TRANSFUSION REQUIREMENTS IN SEPTIC SHOCK 
(TRISS) TRIAL 
 
Methods 
Overview and design  
The Transfusion Requirements in Septic Shock (TRISS) trial is a 
multicentre, parallel group clinical trial randomising patients in 32 
ICUs in Denmark, Sweden, Norway and Finland from December 
3rd 2011 to December 26th 2013. Allocation sequence was com-
puter generated and centralised permuted block-randomisation 
with variable blocks size, stratified according to centre and the 
presence of hematological malignancy was used. The trial was 
partly blinded as it was not feasible to do so but assessors of mor-
tality, our Data Safety and Monitoring Committee (DSMC) and the 
trial statistician were all blinded for the intervention.  
 
Hypothesis  
The evidence present in 2011 regarding the use of haemoglobin 
threshold to guide RBC transfusion was not sufficient to support 
either a lower or a higher transfusion threshold in patients with 
septic shock. The interventional transfusion triggers used in the 
trial were chosen based on the transfusion practice observed dur-
ing the pre-trial phase. However, data from the TRICC Trial5 
showed that a lower transfusion threshold (7 g/dl) had the poten-
tial to reduce the relative risk of death by 20% (9% ARR) com-
pared with a higher threshold (10-12 g/dl) in a subgroup of pa-
tients with severe infection.  
 
Ethics  
The trial was approved by the ethics committee and data protec-
tion agency in the participating countries and registered at the 
ClinicalTrials.gov website prior to enrolment of the first patient 
(ClinicalTrials.gov Identifier: NCT01485315). The trial was con-
ducted in adherence to the Helsinki Declaration and to the stand-
ards of good clinical practice.76 
 
Consent procedure 
Most patients included in the trial were temporarily incompetent 
due to the course of septic shock or as a consequence of sedation 

as part of the treatment in ICU. In Denmark and Finland deferred 
consent procedure was used meaning that patients were random-
ised and enrolled before obtaining informed consent. As soon as 
possible after enrolment proxy consent was obtained from the 
patient’s relatives and general practitioner/the regional medical 
officer of health. Patients who regained consciousness, were 
asked for informed consent as soon as possible.  
 Patients discontinued the trial protocol if consent was with-
drawn by the proxy-consenter or by the patient, but we asked for 
permission to continue data registration. Only the patient could 
demand deletion of already registered data and if so, data were 
destroyed and a new patient randomised to obtain the full sam-
ple size. 
 
Patients 
Adult patients in the ICU with septic shock and haemoglobin level 
of 9 g/dl (5.6 mM) or below were eligible for randomisation. Ex-
clusions included documented wish against transfusion, previous 
severe adverse reactions with blood products (not including ex-
cluding TACO), presence of acute myocardial ischaemia, life-
threatening bleeding, transfusion of RBCs during current ICU ad-
mission but prior to randomisation, withdrawal from active ther-
apy or brain death, lack of informed consent and acute burn inju-
ries.  
 
Intervention 
Patients were randomised in a 1:1 ratio to receive single units of 
pre-storage leukoreduced RBCs suspended in SAGM when reach-
ing a haemoglobin level of 7 g/dl (4.3 mM) or below in the lower 
threshold group versus a haemoglobin level of 9 g/dl (5.6 mM) or 
below in the higher threshold group. The intervention lasted dur-
ing the entire ICU stay or to a maximum of 90 days after randomi-
sation. Haemoglobin level assessments were done by point-of-
care testing within 3 hours of termination of the RBC transfusion 
or before the initiation of a new transfusion. Clinicians were able 
to suspend the protocol during life-threatening bleeding events 
(haemorrhagic shock defined by the attending clinician), during is-
chemic events (defined as cerebral, myocardial, intestinal or pe-
ripheral limb) or during extracorporeal membrane oxygenation 
(ECMO) therapy. All other interventions were decided by the at-
tending clinicians. After unblinding the 6S trial68 we recom-
mended against the use of Hydroxyethyl starch (HES) but use of 
HES was not regarded as a violation to protocol. 
 
Outcomes 
The primary outcome was death by day 90 after randomisation. 
Secondary outcomes were need for life support at day 5, 14 and 
28 (as need for mechanical ventilation, renal replacement and 
vasopressor/inotropic therapy)77, SARs in the ICU, ischaemic 
events in the ICU (including myocardial, cerebral, intestinal and 
peripheral limb) and days alive and out of hospital (Table 2). 
 
Statistical analysis 
The primary analysis was a multiple regression analysis adjusted 
for stratification variables in the modified intention-to-treat pop-
ulation comparing death by day 90 in the two groups. Unadjusted 
analyses and analyses adjusted for design and baseline variables 
(stratification variables, age, previous cardiovascular disease, Hb 
level, SAPS II, SOFA score and RBC transfusion in the 24 h prior to 
randomisation). We pre-published the statistical analysis plan 
(SAP) in paper I prior to analysing data. P-values lower than 0.05 
were considered statistically significant. 
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Table 2 Primary and secondary outcomes. 

 
 
Interim analysis 
We conducted a pre-planned interim analysis 90 days after ran-
domising patient number 500, in July 2013. The Data Monitoring 
and Safety Committee (DMSC) recommended finalising the trial 
and randomisation was closed December 26th 2013, 25 month af-
ter inclusion of the first patient. 
 
Results 
Of 1224 patients evaluated for eligibility, 1005 were randomised. 
Due to five post- randomisation exclusions during the trial and 
two exclusions after ending the trial, 998 patients were included 
in the analyses of mortality. Consent for the use of mortality only, 
were given in 21 patients, leaving 977 patients to be included in 
analyses of secondary outcomes (figure 4). Baseline characteri-
stics were similar between the intervention groups. 

 

 
Figure 4 Flow of patients in the TRISS trial. 
 
Red blood cell use and number of patients transfused 
Daily lowest median haemoglobin level differed significantly 
(p<0.001) from a baseline level of 8.4 g/dl at randomisation (fig-
ure 5). A total of 4633 RBC units were transfused, 1545 units in 
the lower threshold group and 3088 units in the higher threshold 
group. 176 patients in the lower threshold group did not receive 

transfusions as compared to 6 patients in the higher threshold 
group. The median number of RBC units transfused in the lower 
threshold group was 1 (IQR) 0-3) versus 4 (IQR 4-7) in the higher 
threshold group.  
 
Predefined outcome measures 
Death by day 90  
216 patients in the lower threshold group and 223 patients in the 
higher threshold group fulfilled the primary outcome of death by 
day 90 after randomisation (relative risk 0.94, 95% confidence in-
terval (CI) 0.78 to 1.09, P=0.44). We could not rule out the possi-
bility of a 22% risk decrease or a 9% risk increase with the use of a 
lower haemoglobin threshold. Results of the primary analysis 
were supported by fully adjusted, unadjusted and per-protocol 
analyses. There was no significant heterogeneity between pre-de-
fined subgroups in analysis of the primary outcome. 

 

 
Figure 5 The daily lowest median haemoglobin level. 
 
Kaplan-Meier analysis using a Cox-model including stratification 
variables showed that survival times did not differ significantly 
between groups (p=0.41) (figure 6). 
 
Life support and days alive and out of hospital 
Number of patients in need of life support on days 5, 14 and 28 
were similar between the intervention groups and no differences 
in the mean percentage of days alive and without mechanical 
ventilation, vasopressor or inotropic therapy, renal replacement 
therapy (RRT) or percentage of days alive and out of hospital.  

 

 
Figure 6 Survival curves censored at 90 days.   
 
Ischemic events 
No statistical significant differences were shown in the number of 
ischemic events in the ICU since 35 (7.2%) patients in the lower 
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threshold group compared to 39 (8.0%) patients in the higher 
threshold group fulfilled this outcome. 
 
Severe adverse reactions 
One patient with acute haemolysis allocated to the higher thresh-
old group was registered.  
 
Other pre-defined outcomes  
One year mortality and Health-Related Quality of Life (HRQoL) for 
Danish patients (78%) using the Physical and Mental Component 
Summary scores in the Short Form health survey questionnaire 
(SF-36)78,79 will be reported in future publications. 
 
Conclusion 
No differences were shown in death by day 90, use of life sup-
port, ischemic events or in the mean per cent of patient days alive 
and out of hospital when comparing the use of a lower haemoglo-
bin threshold (7 g/dl or below (4.3 mM)) and a higher haemoglo-
bin threshold (9 g/dl or below (5.6 mM)) to guide single units of 
pre-storage leukocytereduced RBCs in patients with septic shock 
in the ICU. Furthermore, the use of a lower haemoglobin thresh-
old resulted in reduced numbers of RBC units transfused and re-
duced numbers of patients receiving transfusions. 
 

STUDY II: RESTRICTIVE VERSUS LIBERAL TRANSFUSION STRATEGY 
FOR GUIDING RED BLOOD CELL TRANSFUSION: SYSTEMATIC RE-
VIEW OF RANDOMISED TRIALS WITH META-ANALYSIS AND TRIAL 
SEQUENTIAL ANALYSIS 
  
Methods 
Overview and design 
The systematic review focused on updating the current Cochrane 
review and was conducted in accordance with recommendations 
from the Cochrane collaboration80. A review protocol was pre-
published with the PROSPERO (registration no. 
CRD42013004272)81 register before literature search was per-
formed.  
  
Eligibility criteria 
Randomised trials were included if the comparison groups were 
assigned clearly defined  transfusion “trigger” or “threshold”, de-
scribed as haemoglobin or haematocrit HCT level(s) that had to 
be reached before RBC transfusion were administered regardless 
of the clinical setting. Trials including preterm or very low birth 
weight neonates were excluded. Trials using factorial design with-
out interaction effects between interventions were included and 
cluster randomised trials were included regarding assessment of 
harm.    
  
Search strategy 
Relevant RCTs were identified without language restrictions up-
dating the Cochrane review search strategy. Records were sought 
in Cochrane Central Register of Controlled Trials, MEDLINE, EM-
BASE, Science Citation Index Expanded and clinical trial sites up 
until October 1st 2014. References of published literature were 
reviewed and expert in transfusion medicine were contacted to 
identify additional records.  
   
Data extraction  
Two authors independently identified trials and extracted data 
using a pre-planned data extraction form. Predefined primary 

outcomes were mortality and overall morbidity. Secondary out-
comes were adverse events (transfusion reactions, cardiac events 
(e.g. myocardial infarction, cardiac arrest, acute arrhythmia, an-
gina), renal failure, thromboembolic events, infections, haemor-
rhagic events, stroke or transitory cerebral ischemia, proportions 
of patients transfused and number of units of RBC transfused (Ta-
ble 3).  
 
Bias assessment and GRADING  
All trials were reviewed for risk of bias in major domains recom-
mended by the Cochrane Collaboration.80 Trials with low risk of 
bias in all other domains than blinding were characterised as trials 
with lower risk of bias as blinding were not feasible in any of the 
included trials. The quality of evidence for mortality, overall mor-
bidity and fatal- and non-fatal myocardial infarction were as-
sessed using the GRADE methodology.82 
 
Statistical analyses 
Pooled estimates of intervention effects in primary and secondary 
outcomes were calculated using conventional meta-analysis with 
the software package Review Manager 3.1(RevMan) version 5.3.3 
(The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). 
Trial sequential (TSA) analysis were performed as a sensitivity 
analysis correcting for repetitive significance testing and sparse 
data using TSA program version 0.9 beta (www.ctu.dk/tsa).    
 
Results 
Trial characteristics 
31 trials5,6,65–67,71,83–107  randomising 9813 patients were in-
cluded. Trial population size ranged from 25 to 2016 patients and 
8 trials included more than 500 patients. The included trials were 
heterogeneous regarding type of patients, clinical setting and in-
tervention trigger values. Two trials used partly autologous trans-
fusion (re-transfusion of own blood), 12 trials used only leukore-
duced RBCs and 8 trials were judged as lower risk of bias trials. 
The intervention trigger value varied between trials with restric-
tive transfusion triggers ranging from haemoglobin levels of 7.0 to 
9.7 g/dl (4.3 to 6.0 mM), haematocrit of 24 to 30% or symptoms 
of anaemia as defined by authors. The liberal transfusion trigger 
values ranged from haemoglobin levels of 9 to 13 g/dl (5.6 to 8 
mM) and haematocrit of 30 to 40%. 10 trials used 7 g/dl as the re-
strictive intervention trigger.  
 
 Table 3 Results of conventional meta-analysis and Trial Sequential Anal-

ysis. 

 
 
Mortality 
We did not show any overall difference between patients receiv-
ing a liberal versus a restrictive transfusion strategy when analys-
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ing the eight trials with lower risk of bias reporting data on mor-
tality. Pooled analysis of all 23 trials reporting mortality data did 
not alter this result. TSA trials with lower risk of bias showed that 
no boundaries were crossed (figure 7). The quality of evidence 
was judged to be low. Differences in intervention effects were ex-
plored in pre-defined subgroups stratified by patient age, length 
of follow up, leukoreduction and found no differences. Post-hoc 
analysis of mortality stratified by clinical setting defined in accord-
ance with the Cochrane review (trauma and acute blood loss, 
perioperative setting and critical care) did not show any differ-
ences.  
 
Overall morbidity 
No difference in overall morbidity were shown between restric-
tive and liberal transfusion strategies but trial sequential analysis 
showed that future trials will not be able to show an association 
with a 15% risk reduction with restrictive or liberal strategies 
given that the boundary for futility was crossed (figure 8). The 
quality of evidence was judged to be very low. 

 

 
Figure 7 Trial sequential analysis of mortality. The required information 
size was not reached (right black line) and the green z-curve did not cross 
any of the boundaries for benefit, harm or futility leaving the meta-analy-
sis inconclusive. 
 
Fatal and non-fatal myocardial infarction  
A restrictive transfusion strategy were not shown to be associated 
with a relative risk difference in fatal or non-fatal myocardial in-
farction regardless whether results were pooled in analyses from 
trials with lower risk of bias or all trials despite risk of bias. The 
quality of evidence was judged to be low. 
 
Other adverse events, number of patients and units transfused 
Analysis of eight trials reporting infectious complications in 5107 
patients indicated a possible association in favour of using restric-
tive transfusion strategies. No associations with any other ad-
verse events were shown. Restrictive transfusion strategies were 
shown to be associated with a reduction in number of patients 
transfused and number of RBC units transfused.  

 
Figure 8 Trial sequential analysis of overall morbidity. The required infor-

mation size was not reached (right black line) but the green z-curve en-
tered the futility area meaning that future trials are unlikely to show a 
15% risk difference in this outcome. 
 
Conclusion 
We added 12 RCTs and 3899 patients randomised in different 
clinical settings to the present Cochrane review including a total 
of 31 trials and 9813 patients. Conventional meta-analyses did 
not show associations with mortality, overall morbidity, or any of 
the secondary outcomes including fatal and non-fatal myocardial 
infarction with the use of restrictive as compared with liberal 
transfusion strategies. The overall quality of evidence was judged 
to be low and trial sequential analysis on mortality and myocar-
dial infarction showed that the required information sizes have 
not been reached but a 15% risk difference in overall morbidity 
can be rejected. However, restrictive transfusion strategies re-
duced numbers of RBC units transfused and reduced proportions 
of patients receiving transfusions. We found a possible associa-
tion between the use of restrictive transfusion strategies and re-
duced risk of infectious complications.  
 
Discussion 
 
Principal findings 
The principal findings in TRISS were that using a lower haemoglo-
bin threshold of 7 g/dl (4.3mM) reduced the number of transfu-
sions with about half and reduced the number of patients trans-
fused without harming patients. Death at 90 days, use of life 
support, rates of ischemic events, severe adverse reactions and 
number of days alive and out of hospital were similar between in-
tervention groups. 
The systematic review updated current Cochrane review and 
pooled analysis from data among the 31 included trials and 9813 
patients showed that the use of restrictive transfusion strategies 
were not associated with harm but transfusion numbers and rates 
were reduced compared to liberal strategies. TSA analyses 
showed that further trials with lower risk of bias are needed to 
establish firm evidence but a 15% relative risk difference can be 
refuted regarding the overall morbidity outcome.  
 

LIMITATIONS AND STRENGTHS – STUDY I (THE TRISS TRIAL) DE-
SIGN 

 
It is generally not feasible to triple blind randomised transfusion 
trials. The TRISS trial  was designed as what could be regarded as 
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a transfusion trial with lower risk of bias using centralised com-
puter based randomisation procedure, concealed allocation and 
blinding of assessors of mortality, DMSC members and trial statis-
tician. The possibility of introduction of bias by the lack of blind-
ing may still be present as clinicians were not unaware of the in-
tervention. On the other hand the primary outcome of mortality 
is probably less likely to be influenced by this. 
 The trial was designed as a pragmatic trial with the aim of 
providing urgently needed safety data with high generalisability 
by assessing current transfusion practice in patients with septic 
shock. Thus, the pragmatic trial design supported the aim of TRISS 
but on the other hand did not allow us to describe or explain the 
biological mechanism and effects underlying the trial results.    
 
Patient selection 
Investigating the effects and safety of RBC transfusions in patients 
with septic shock in the ICU was an obvious choice. Transfusions 
were frequent and the evidence base behind guidelines for this 
patient group was limited. Moreover, patients with septic shock 
are among the most critically ill patients and RBC transfusion 
could potentially worsen outcome,5 but higher transfusion 
threshold could also pose great benefit in these patients charac-
terised by oxygen dept.1,69  
A strength in our trial is that we used few and broad inclusion cri-
teria to avoid selection bias and to ensure external validity. Final-
ising large RCTs have been shown to be difficult in this setting5 an 
easy enrolment procedure was important. Our network managed 
to include an average of 1.3 patients per day during the enrol-
ment period and we reached pre-planned inclusions in 25 month. 
We randomised 80% of the patients assessed for eligibility. Differ-
ent reasons could explain this and the fraction of included pa-
tients varied between trial sites. National legislation allowed the 
use of deferred consent in Denmark and Finland accounting for 
more than 80% of the patients, allowing for immediate inclusion 
of patients. We asked investigators for mandatory data registra-
tion on patients fulfilling all four inclusion criteria despite also ful-
filling one or more exclusions and we did not register all patients 
with septic shock in the participating ICUs in the totality of the 
trial period. The inclusion ratio in TRISS was high but a great varia-
bility were seen in other ICU trials.18,108–110 Important is that 
our cohort is comparable to those of other large RCTs including 
patients with septic shock.18,110,111 
A limitation regarding the patient population is clearly that some 
patients (11%) received RBC transfusion before ICU admission, 
which tends to minimise the treatment effect. But no group dif-
ference in number of patients transfused, units transfused or hae-
moglobin level was present at baseline. We considered that surgi-
cal and haematological patients in particular would have been 
excluded in larger numbers and we chose only to exclude patients 
receiving RBC transfusion in the ICU prior to randomisation to in-
crease external validity.  However, RBC transfusions given in the 
24 hours prior to randomisation were a covariate included in the 
fully adjusted analysis and results supported that of the primary 
analysis. The majority of patients excluded due to RBC transfu-
sions being given in the ICU prior to randomisation were excluded 
in the early phases of trial site initiation because clinicians were 
not aware of trial inclusion and procedure. Other patients re-
ceived RBC transfusion in the ICU before randomisation during a 
non-septic ICU stay and then later became eligible. It is less likely 
that excluding these patients from the trial has influenced out-
come.  
We did not control for the RBC transfusion strategy after leaving 
the ICU. It was not feasible to control for transfusions after ICU 

discharge, but it is reasonable to state that the effects of RBCs in 
the critical ill patients with septic shock are most influential in the 
earlier phase of critically illness.  
 
 
Intervention 
One of the primary strengths of this trial is that the protocol man-
aged a clear separation between intervention groups in terms of 
numbers of RBC units transfused and also in terms of the median 
lowest haemoglobin level. But there were differences in the num-
ber of protocol violations between groups. We chose to regard 
any transfusion as a transfusion decision because protocol ad-
dressed single unit administration. Because of this absolute num-
bers may seem high. The lower threshold group had more ‘giving 
blood too early violations’ and the higher threshold group had 
more ‘not giving blood violations’ but per protocol analyses ex-
cluding patients with violations were not different from the pri-
mary analysis. The reporting of non-adherence to protocol in 
transfusion trials are highly variable and could relate to differ-
ences in defining violations.5,6,71,87,104 The overall numbers of 
non-adherence in TRISS are comparable to those of other trials 
conducted in the critical care setting.5,104 Any event of non-ad-
herence could somehow reflect un-awareness of trial protocol or 
be a result of a deliberate action from the attending clinician. We 
did not register data on the reasons for non-adherence to proto-
col which is somehow a limitation.  
 Clinical equipoise (uncertainty) provides the ethical basis for 
medical research allocating patients to different treatment 
arms.112 There should be no ethical imperative for investigators 
to support any of the chosen treatment arms in a randomised 
trial. When planning the TRISS trial we observed a variety of 
transfusion threshold in patients with septic shock in the ICU. 
Most frequently observed pre-transfusion haemoglobin levels in 
our cohort studies were 8.1-8.4 g/dl supported by data from large 
RCTs and observational data.2,13,14,68 Haemoglobin trigger lev-
els of 7 and 9 g/dl, were chosen as representatives for the current 
practice. We did not observe differences in the use of haemoglo-
bin levels between the first and second day of septic shock which 
would have been expected according to the guidelines.70 Thus 
we chose not to assess differences in the trigger levels between 
early and late phase of septic shock. Recent trials have ques-
tioned this use of different RBC transfusion thresholds in patients 
with septic shock at least in the early phase of resuscita-
tion.113,114    
 Based on our cohort data collective equipoise appeared to 
be present prior to the trial. But the range of pre-transfusion hae-
moglobin levels show that some patients are transfused based on 
other pre-transfusion haemoglobin levels. This may question the 
principle of equipoise on the individual level but could also indi-
cate that other parameters or information than haemoglobin was 
used to trigger RBC transfusion. Data from our cohort study 
showed that haemoglobin concentration was the only measure 
that consistently differed between transfused and non-transfused 
patients with septic shock.4 Thus it is reasonable to state that 
transfusion decisions at least in our setting were mainly based on 
haemoglobin levels and this is supported by data from large ob-
servational studies.13,14  
 We did not assess all co-interventions during the entire trial 
period but the relative large trial size and stratification for trial 
site during randomisation makes it less possible that results are 
influenced by confounding with differences in concomitant inter-
ventions.           
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Outcomes 
The strength in our trial is that we reached the pre-planned inclu-
sion, powered to inform on 90 day mortality. The validity of this 
indisputable outcome can be questioned in terms of the time of 
measurement, however, 90 day mortality has proven itself as the 
golden-standard in critical care as delayed survival differences re-
lated to interventions have been observed in previous critical care 
trials.68,115–117  
Result of the primary analysis seems robust as this is supported 
by fully adjusted, unadjusted, per-protocol analyses and the fact 
that pre-defined subgroup analyses did not show any significant 
heterogeneity. We achieved 100% follow up in the primary out-
come and 97% follow-up for the secondary outcomes eliminating 
bias due to drop-outs. 
 Our trial showed no statistically differences between groups 
in the primary outcome of death at 90 days. In terms of sample 
size, the assumption of a 9% or 20% relative risk reduction is a 
fairly large difference when regarded as a biologically plausible 
treatment effect. However, we based our trial size upon the  
only RCT-data to support our sample size calculation indicating a 
large increase in mortality with a lower compared to a higher 
transfusion strategy in ICU patients with severe infection (29.7% 
vs. 22.8%, RR increase 23%).5 Obviously a mortality difference 
less than 9% would still be clinically relevant, but we found it real-
istic to fund and include 1000 patients with septic shock within 
our time frame thereby adding important high-quality data to this 
field of research. 
 Our results are consistent with but somewhat different from 
the TRICC trial results as we did not show any trends towards 
higher mortality or increased adverse events in the higher thresh-
old group. Contrary to the TRICC trial all patients in TRISS received 
leukoreduced RBCs potentially minimising storage lesion and im-
munomodulatory effects and our results may represent increased 
product safety with the standard RBCs transfused nowadays. Dif-
ferences between trial results could also be due to the higher 
threshold group in TRISS (9 g/dl) being more restrictive compared 
to the higher threshold group in the TRICC trial (10 g/dl) imposing 
a protective effect of anaemia towards adverse effect of transfu-
sion. Whether the result of TRISS is due to the lack of effect of 
anaemia (our defined levels) on outcomes or because physiologic 
benefits of RBC transfusions are outweighed by the storage lesion 
or the presence of heterogeneous microcirculation in patients 
with septic shock can only be speculative. A complex interplay ex-
ists between anaemia, RBC transfusion, critical illness and clinical 
outcomes.    
 The secondary outcomes should be interpreted with caution 
as power is low and they are all surrogate measures and may lead 
to overestimation of intervention effects.118 But the secondary 
outcomes defined as the use of mechanical ventilation, vasopres-
sor or inotropic therapy and renal replacement therapy (life-sup-
port) have been associated with mortality.109,119–122 
 Many physicians are concerned with the risks of myocardial 
ischemia as very few data on the association between this and 
lower haemoglobin thresholds have been published.54,123 Data 
on myocardial infarction from the TRISS trial should be inter-
preted cautiously since we chose against using a continuous sur-
veillance plan including ECGs and biomarkers.124,125 Instead we 
registered episodes of myocardial ischemia defined by clinicians 
according to the clinical trial site in question and should further-
more result in reperfusion strategies or initiation/increased an-
tithrombotic drug treatment. A clear limitation is that some cases 
could be missed and reporting could be influenced by detection 
bias.  

 The included patient population represents a heterogeneous 
cohort in terms of co-morbidity, onset of septic event, aetiology 
and focus of infection and our trial was not able to identify 
whether subgroups of patients with septic shock could benefit 
from either of the interventions but pre-defined subgroup anal-
yses and fully adjusted analyses including baseline variables sup-
ported the primary result.   
   
Statistics 
The trial results are strengthened by the fact that the statistical 
analysis plan was pre-published in paper I. Furthermore, our pri-
mary analysis was a logistic regression analysis adjusted for strati-
fication variables (site and haematological disease) accounting for 
correlation between patients within each stratum.126,127 The 
primary analysis was done in the intention-to-treat population128 
but due to different reasons 7 patients were post randomly ex-
cluded, in fact making this a modified ITT population.129 When 
doing trials in the acute setting, time is important and may lead to 
randomisation of patients wrongly assessed for eligibility. Han-
dling these patients is a balance between not excluding patients 
that may reduce group differences but on the other hand skewing 
the distribution of baseline variables when excluding these pa-
tients.128 We only excluded one patient that did not fulfil inclu-
sion criteria and this was realised immediately. Moreover the use 
of deferred consent increased the risk of discontinuing the trial 
protocol (stopped intervention) and ultimately post-randomisa-
tion exclusion (deletion of all trial data). This may lead to loss of 
power and introduction of bias if the reasons for dropouts are as-
sociated to outcome (e.g. patient fulfilling the primary outcome 
early in the trial period and because of that consent are not ob-
tainable).130–132 Intervention was stopped in 62 patients but 
data registration followed in 41 of these patients. Only 6 patients 
did not consent for the use of data and were excluded after ran-
domisation making the influence on outcomes less likely. We 
were not able to obtain consent in 21 Danish patients because pa-
tients died before regaining consciousness and consent from rela-
tives were not obtainable. The Danish Ministry of Health waived 
the consent and allowed the use of data after advice from the 
Danish Ethical Committee based on arguments from our trial 
Steering Committee.133    
 The statistical analysis plan included instructions for handling 
missing data. This was primarily a problem in the fully adjusted 
analysis of the primary outcome adjusted for design variables 
among these SAPS II134 score and SOFA135 score missing at 
baseline in 18%  and 12 % of patients, respectively. The missing 
values were handled by worst-best case analysis predicting the 
limits for the true intervention effects. The results of these anal-
yses showed that the result of the primary analysis was well 
within the limits of the worst-best case analyses and on the basis 
of that we did not perform multiple imputation procedure.136 
 

LIMITATIONS AND STRENGTHS – STUDY II (THE SYSTEMATIC RE-
VIEW) 
Adherence to Cochrane methodology including a pre-published, 
peer-reviewed protocol in the PROSPERO register, structured and 
comprehensive record search in relevant databases with no lan-
guage restriction and evaluation of all included trials strengthen 
our systematic review. We reported the results according to the 
PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines, emphasised the results of trials with 
lower risk of bias in our conclusions and performed evidence 
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quality evaluation by GRADE (Grading of Recommendation, As-
sessment, Development and Evaluation) recommendations82 all 
of which strengthen our results.80,137    
 Although statistical heterogeneity was low to moderate 
among trials reporting primary outcomes, it is obvious that we 
have pooled data from heterogeneous trials in regards to clinical 
setting, patient age and comorbidity and co-interventions. More-
over a variety of transfusion triggers were used in the interven-
tion arms all increasing the risk of type-II error and making inter-
pretation of analyses less intuitive. We have on the other hand 
conducted a broad meta-analysis resulting in increased power 
and precision of pooled analyses. Furthermore, we had the op-
portunity to assess the general effects of RBC transfusions across 
different clinical settings but also to explore the hypothesis that 
the effects of transfusion vary between different clinical settings. 
We found no significant differences between subgroups stratified 
by clinical setting inspired by the Cochrane review. However, this 
stratification may not reflect clinical relevant subgroups. We did a 
post-hoc analysis regrouping patients according to more strict 
clinical definitions (Figure 9) and found that the use of liberal 
strategies were associated with increased risk of mortality in pa-
tients with upper gastro intestinal bleeding. Results have to be in-
terpreted very carefully as this is strictly post-hoc analysis but in-
terestingly because these patients are being excluded in most 
transfusion trials. A broad review also reduces the risk of errone-
ous conclusion when undertaking narrowing scopes which can 
lead to the verification of desired hypotheses because trial inclu-
sion are hampered by a priori knowledge of trials with desired 
outcomes.80 We excluded preterm infants and neonates to in-
crease clinical applicability.      
Despite a thorough pre-planned search strategy in relevant data-
bases supported by hand search we are not able to rule out the 
possibility of reporting and publication bias.  
  
Trial Sequential Analysis 
The overall strength of doing meta-analysis is the increased 
power and precision of pooled estimates however, the analyses 
may be influenced by systematic and random error.138 We ap-
plied TSA as a sensitivity analysis to account for the increasing risk 
of type-I error when doing repetitive testing on accumulating data 
and to estimate whether information size was reached to draw 
firm conclusions.139,140 TSA analyses can be regarded similar to 
the interim analyses in single trials and some argue that TSAs 
should be applied with the same methodological rigour.138 The 
principle behind this analysis is that the p-value of the conven-
tional meta-analysis is adjusted based on the number of patients 
needed and the required information size to show a pre-defined 
intervention effect. In TSA the required information size is ad-
justed for heterogeneity among trials and calculated based on the 
rates for type-I and type-II errors, control event proportion and 
size of the intervention effects. A limitation to this analysis is that 
these parameters can be based on different assumptions formed 
by a priori knowledge or on the basis of results already performed 
in meta-analyses. We pre-planned and reported the procedure 
for TSA which is a major strength.  

CURRENT EVIDENCE FOR THE USE OF RBC TRANSFUSION  
 
Broad systematic reviews and overall use of RBC transfusion 
The Cochrane review published in 2012 found 19 RCTs including 
6264 patients comparing the effects of different transfusion 

thresholds on a variety of clinical outcome variables. Pooled anal-
yses showed no association between increased risk of adverse 
events (mortality, cardiac events, stroke, pneumonia and throm-
boembolism) and the use of a restrictive transfusion strategy. Au-
thors concluded that for most patients RBC transfusion is proba-
bly not essential until Hb levels drop below 7.0 g/dl (4.3 mM).  
Our updated review supports the Cochrane review findings and 
we found no evidence to support an overall use of liberal transfu-
sion strategies. Our review show that if restrictive transfusion 
strategies were widely implemented, exposure of patients to RBC 
transfusions would decrease by approximately 45% and reduce 
the mean number of transfused units by approximately 1.4 units 
for those patients transfused. This could have potentially impact 
on the risks for transfusion complications.  
 
The critically ill patient  
Walsh et al. conducted a feasibility trial including 100 critically ill 
patients with age above 55 years enduring prolonged mechani-
cally ventilation (more than 4 days). Haemoglobin triggers of 7 or 
9 g/dl were assessed. The trial was not powered to show differ-
ences in any of the patient-centred outcomes (mortality or quality 
of life) but a trend toward lower mortality with the use of restric-
tive transfusion strategy should be assessed in a larger trial.   
All together five RCTs5,67,71,97,104 have now been conducted in 
the critical care setting including a total of 2639 patients all using 
7 g/dl as the lower transfusion threshold. None of the trials 
showed harm with the use of the lower threshold. A post-hoc 
meta-analysis of mortality stratified by clinical setting, different 
from the stratification done in our review, showed that the use of 
7 g/dl were not associated with increased risk of death (RR 0.92, 
95% CI 0.82 to 1.03) (Figure 9). Again this was not a pre-planned 
analysis and results have to be interpreted carefully.   
 
Patients with septic shock      
Two recent trials113,114 randomising a total of 2941 patients 
have questioned the complex early goal- directed therapy (EGDT) 
protocol by Rivers.69 There were no differences in the overall 
mortality at 90 days in both these trials despite the fact that twice 
the number of patients in the goal-directed groups as in the 
usual-care groups received RBCs. Currently no evidence exists to 
support differences in transfusion thresholds between early and 
late stages of septic shock. Based on the present evidence from 
the TRISS trial being the only trial conducted in patients with sep-
tic shock and in the scope of broad systematic reviews, the use of 
a transfusion threshold of 7 g/dl is safe and should be the future 
trigger for RBC transfusion in these patients. 
 
Patients with cardiovascular disease  
The largest transfusion trial published to date, the FOCUS trial in-
cluded 2016 patients with age above 50 years and known athero-
sclerotic disease, undergoing primary hip fracture osteosynthe-
sis.87 No difference were shown between patients receiving RBCs 
at 8 g/dl (or symptoms of anaemia) or 10 g/dl in terms of mortal-
ity, postoperative complications or activities of daily living. 
A subgroup analysis of 357 patients with cardiovascular disease 
randomised in the TRICC trial supported the FOCUS trial results 
and showed no differences in 30 day mortality.141   
 
Acute myocardial ischemia 
In a recent meta-analysis including both observational studies and 
randomised trials, Chartterjee et al. showed that the risk of sec-
ondary myocardial infarction was increased (RR 2.04 (95% CI 1.06 
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to 3.93)) with liberal transfusion strategy or transfusion as com-
pared to restrictive transfusion strategy or no transfusion.8    
To date only two small pilot RCTs comprising 155 patients have 
compared transfusion triggers in patients with acute myocardial 
infarction (Figure 9).88,142 One trial showed higher incidence of 
adverse outcomes including exacerbation of congestive heart dis-
ease with liberal use of RBCs. The trial was not powered to show 
differences in mortality or recurrent myocardial infarction.90 The 
other trial including 110 patients showed a trend towards lower 
incidences of cardiac events and mortality.88 We found another 
four trials in different clinical settings reporting data on fatal and 
non-fatal myocardial infarction but TSA were inconclusive. Newly 
updated guidelines state the inability to make recommendations 
regarding RBC transfusion in this group because of lacking evi-
dence.143  
  

 
Figure 9 Forest plot of mortality stratified by clinical setting (post-hoc). 

Size of squares for risk ratio reflects weight of trial in pooled analysis. Hor-
izontal bars represent 95% confidence intervals. 
 
Traumatic brain injury 
Two trials have randomised patients with traumatic brain in-
jury.101,107 One recent published RCT used a factorial design to 
randomise 200 patients with closed head injury and compared 
the effects of erythropoietin and two different Hb-thresholds for 
RBC transfusion (7 g/dl versus 10 g/dl).101 The trial showed no 
difference in neurological outcome six months after randomisa-
tion but the trial was not powered to show differences in mortal-
ity.  
A small subgroup analysis of 67 patients from the TRICC trial with 
closed head injuries did not show any difference in mortality or 
organ dysfunction between groups.144 Whether patients with 
traumatic brain injury (TBI) needs a higher transfusion level or not 
remain unknown and further data from high-quality RCTs are 
needed to guide transfusion practice in this group of patients. 
 

CONCLUSION AND FUTURE PERSPECTIVE 
The TRISS trial provided evidence for the safe use of 7 g/dl as 
transfusion trigger in patients with septic shock and reduced the 
number of units transfused with about half. In line with this, the 
updated systematic review including data from several recent tri-
als showed no associations with mortality or other adverse events 
when comparing restrictive to liberal RBC transfusion strategies, 
however, restrictive transfusion strategies reduce the exposure of 
patients to RBC transfusions and reduce number of transfused 
RBC units. 
Given the fact that liberal transfusion strategies have not been 
proven beneficial, a more restrictive approach should be consid-
ered. Results from the TRISS trial together with other recent trials 
have the potential to alter the international guidelines for trans-
fusing critically ill patients. Several guidelines have been updated 
the last years recommending the use of 7-8 g/dl as the ‘universal’ 
trigger level.9,143,145 Patients with acute myocardial ischemia 
and patients with acute brain injury may need special considera-
tions. 
 Time will show how clinicians will adapt to the evidence sup-
porting restrictive transfusion strategies. In the meantime trials 
are warranted in subgroups of patients and other transfusion trig-
gers than haemoglobin need investigation and could be important 
if trials like TRISS motivate for an even more restrictive use of RBC 
transfusions in the future.  
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SUMMARY  
Background 
Transfusion of red blood cells (RBCs) is widely used for non-bleed-
ing patients with septic shock in the intensive care unit (ICU). The 
evidence for effect and safety are limited showing conflicting re-
sults and transfused RBCs have the potential to harm subgroups 
of critically ill patients.  
 Our aim was to assess the benefits and harms of RBC trans-
fusion in patients with septic shock in a randomised clinical trial 
and to conduct an up-to-date systematic review with meta-analy-
sis of all randomised clinical trials comparing different transfusion 
strategies. 
 
Methods 
We planned and conducted a randomised, partly blinded, clinical 
trial assigning patients with septic shock in the ICU and a haemo-
globin level of 9 g/dl (5.6 mM) or below to receive single units of 
pre-storage leukoreduced RBCs at a lower haemoglobin threshold 
level of 7 g/dl (4.3 mM) or below or a higher haemoglobin thresh-
old level of 9 g/dl (5.6 mM) or below. The primary outcome was 
death by day 90 after randomisation. Secondary outcomes were 
need for life support, severe adverse reactions, ischaemic events 
in the ICU and days alive and out of hospital. 
Secondly, we conducted a systematic review of randomised con-
trolled trials comparing benefits and harms of using restrictive 
(range of lower haemoglobin thresholds) versus liberal (range of 
higher haemoglobin threshold) transfusion trigger strategies to 
guide RBC transfusion and pooled results in meta-analyses and 
trial sequential analyses.  
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Results 
Of the 1005 patients that underwent randomisation 998 were in-
cluded in analysis of the primary outcome of mortality. 90 days 
after randomisation, 216 of 502 patients (43%) in the lower 
threshold group had died compared to 223 of 496 (45%) patients 
in the higher threshold group (relative risk 0.94, 95% confidence 
interval (CI) 0.78 to 1.09, P=0.44). The number of patients who re-
quired life support, who had ischemic events, severe adverse re-
actions and number of days alive and out of hospital were similar 
in the two groups. Patients in the lower threshold group received 
1588 units of RBCs compared to 3088 units in the higher group. A 
total of 176 (36%) patients in the lower threshold group never re-
ceived RBCs in the ICU compared with 6 patients (1%) in the 
higher threshold group.    
 The systematic review identified 31 trials with a total of 9813 
patients in different clinical settings. In meta-analyses restrictive 
versus liberal transfusion strategies were not associated with the 
relative risk (RR) of death (0.89, 95% CI 0.76 to 1.05, 5607 pa-
tients in eight trials with lower risk of bias), overall morbidity (RR 
0.98, 95% CI 0.85 to 1.12, 4517 patients in six trials with lower risk 
of bias), fatal or non-fatal myocardial infarction (RR 1.32, 95% CI 
0.61 to 2.83, 4630 patients in six trials with lower risk of bias). 
Trial sequential analysis on mortality and myocardial infarction 
showed that required information sizes have not been reached 
but use of restrictive transfusion strategies was associated with 
reduced numbers of RBC units transfused (mean difference -1.43, 
95% CI -2.01 to -0.86) and reduced proportion of patients trans-
fused (RR 0.54, 95% CI 0.47 to 0.63). 
 
Conclusion 
The TRISS trial provided evidence for the safe use of 7 g/dl as 
transfusion trigger in patients with septic shock and reduced the 
number of units transfused with about half. In line with this, the 
updated systematic review including data from several recent tri-
als showed no associations with mortality or other adverse events 
when comparing restrictive to liberal RBC transfusion strategies, 
however, restrictive transfusion strategies reduce the exposure of 
patients to RBC transfusions and reduce number of transfused 
RBC units. 
Given the fact that liberal transfusion strategies have not been 
proven beneficial, a more restrictive approach should be consid-
ered. Results from the TRISS trial together with other recent trials 
have the potential to alter the international guidelines for trans-
fusing critically ill patients. Several guidelines have been updated 
the last years recommending the use of 7-8 g/dl as the ‘universal’ 
trigger level. Patients with acute myocardial ischemia and pa-
tients with acute brain injury may need special considerations. 
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