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Introduction
Cardiac surgery, due to the complexity of the procedures, 

is associated with high risk of perioperative blood loss [1-
10], especially in patients with advanced age and long 
cardiopulmonary bypass (CPB) [9,10]. The excessive bleeding, 
which is typically caused by either impaired haemostasis due 
to enhanced fibrinolysis, platelet dysfunction, haemodilution, 
acidosis, hypothermia and consumption of coagulation 
factors or the surgical trauma alone [11,12] may lead to 
hemodynamic instability and frequently warrants fluid 
replacement, pharmacological therapy or re-exploration. 
According to some researchers, re-exploration appears to be 
a strong risk factor for an increase in immediate postoperative 
mortality and morbidity [13,14]. However, newer studies 
have not demonstrated an association [15] and no general 
consensus exists on when exploration for postoperative 
bleeding is indicated, and surgical practice varies considerably 
in this regard [16]. Further, early re-exploration may decrease 
the need for blood transfusion. In these situations, despite 
the fact that transfusion of as little as 1 or 2 units of red blood 
cells (RBC) has been associated with a dramatic increase in 
morbidity, mortality and costs in patients undergoing cardiac 
surgery [8,17], blood transfusion is still performed as rescue 
therapy before the decision of re-exploration is made.

Remarkably, despite new guidelines [18,19], there is 
still little consensus on what constitutes a massive blood 
transfusion and thresholds might be associated with adverse 
outcomes [20,21] and the issue might be, as pointed out in 
a following editorial, that there was “Something for Almost 
Everyone” [22]. This is in contrast to earlier ASA guidelines 
from 1996 [23], and actual guidelines from the Danish Health 
and Medicine Authority’s [24], which firmly declare lower 
thresholds for transfusion.

The implementation of a multidisciplinary patient blood 
management programme, the goal of which is careful surgery 
and focus on perioperative haemostasis and minimization of 
blood loss [18,25,26], is the basis for a reduction in transfusion 
requirements and thus decreased health care costs and 
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Cardiac surgery is associated with high risk of perioperative blood loss leading to hemodynamic instability, which 
frequently warrants fluid replacement, pharmacological therapy or transfusion. Regardless of an association of as little 
as 1-2 blood units with a dramatic increase in morbidity and mortality, transfusion is still widely administered. Despite 
recent guidelines there is still little consensus on blood transfusion thresholds and the implementation of multidisciplinary 
patient blood management programs, has not led to convincing effects as RBC transfusion is still a frequent option in 
cardiac surgery.

Optimization of the haemoglobin level has been the primary focus; with less attention on the fact that haemoglobin 
is one of the factors of the simple algorithm that determine oxygen delivery. In situations where oxygen delivery does 
not match with consumption the compensatory mechanisms is triggered, where decrease in one factor results in a 
compensatory increase in one of the other.

The risk of impaired oxygen balance is higher in cardiac surgery with potential impact on oxygen delivery as both cardiac 
output and haemoglobin level may be affected. Following, blood transfusion in a fragile patient with an in principle 
adequate total haemoglobin, could therefore be fluid resuscitated or treated short time with inotropes. However, when 
it comes to especially patients with ischaemic hearts, the lower limit for haemoglobin should probably be 7 g/dL to avoid 
the risk of perioperative ischaemic episodes, but signs of impaired oxygenation should always serve as an important 
guidance before considering transfusions.
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than 6.0 g/dL (3.7 mmol/L) and rarely indicated in patients 
with haemoglobin higher than 10.0 g/dL (6.2 mmol/L) [23]. 
In many types of major surgery these recommendations 
have been followed and the use of transfusions reduced, 
but despite previously published guidelines, there remains 
substantial variation in the practice of transfusing patients 
and physicians often use haemoglobin level to decide when to 
transfuse [19]. Further, despite institutional efforts to restrain 
blood transfusions in cardiac surgery, the frequency remains 
high, and annually more than 3 million patients receive more 
than 11 million units of blood in the United States [4], and 
transfusion rates are varying widely, from less than 10% at 
some institutions to more than 90% at others [17,31]. Thus, 
the use of blood and blood products is still common clinical 
practice in cardiac and vascular surgery.

Studies of cardiac surgical patients have shown that 
correction of the haemodilution following cardiopulmonary 
bypass with blood transfusions increased mortality [32]. 
Further, lowering the transfusion threshold in patients 
undergoing coronary artery bypass surgery (CABG) from 9 
to 8 g/dL (5.6-5.0 mmol/L) was neither followed by a higher 
mortality nor an increase in adverse effects [33], which 
indicates that patients with coexisting cardiac diseases, 
including coronary artery disease, tolerate moderate 
anaemia. A recent study concluded that in patients with a 
moderate to high risk for death a restrictive strategy (Hb < 
7.5 g/dL regarding blood transfusion was equal to a liberal 
strategy with respect to outcomes [31]. In contrast, one study 
indicated that blood transfusions may decrease mortality in 
elderly patients with admission haematocrit (Hct) below 30% 
and acute myocardial infarction [35]. Further, studies have 
shown an increased in-hospital mortality in patients with 
lower preoperative haemoglobin levels [34] and correlation 
between preoperative haematocrit and 30-day mortality [36]. 
However, when adjusted and compensated for comorbidity 
(EuroSCORE [37]) the 30-day mortality was independent of 
Hb level.

improved patient outcomes. However, although the later ASA 
guidelines handled broader aspects of blood management 
programs the specific recommendations of RBC transfusion 
was less visible [25,26] and the overall result of the efforts is 
not convincing as RBC transfusion is still a frequent option in 
cardiac surgery [7,27].

Haemoglobin as Triggering Factor
Optimization of the haemoglobin (Hb) level has always 

been the primary focus while initiating blood transfusions 
[19,23,28-34] with less attention to the fact that haemoglobin 
is one of the factors of the relatively simple algorithm 
determine oxygen delivery, which includes haemoglobin level, 
cardiac output (CO) and arterial saturation (SAT) (Figure 1). 

It has been an observation that most research studies 
concerning transfusion requirement, predominantly involve 
patients for non-cardiac surgery with or without co-existing 
cardiac disease and the question about when to transfuse an 
individual patient has not been reliably answered. Although, 
it appears impossible to determine the magic haemoglobin 
number for RBC transfusion and the newest international 
guidelines are vague [18,19], there seems to be some 
consensus that blood transfusions may be indicated if the 
Hb is below 6.0 g/dL (3.7 mmol/L) [23,28-30]. In doubtful 
situations, one could follow the ASA guidelines stating that 
“red blood cell transfusions should be based on the patient’s 
risk of developing complications of inadequate oxygenation” 
[23], which is typically manifested locally as myocardial 
ischemia or globally as general haemodynamic instability 
[30], or an oxygen extraction rate of greater than 50% and a 
decreased oxygen consumption [29,30].

Overall the evidence-based ASA transfusion guidelines 
concluded that “blood transfusions should not be dictated by 
a single haemoglobin transfusion trigger, but instead should 
be based on the patient’s risk of developing complications 
of inadequate oxygenation”. Thus, blood transfusion would 
generally be indicated, but not mandatory, at Hb levels lower 

         

Figure 1: Algorithm and factors depending and controlling oxygen delivery.
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The official Danish guidelines are relatively clearly 
formulated recommending lower thresholds. Erythrocyte 
transfusion can be considered (after individual clinical 
evaluation) when: 1) Haemoglobin concentration < 4.3 mmol/l 
(7 g/dL) and/or clinical symptoms of anaemia in circulatory 
stable patients without heart disease; 2) Haemoglobin 
concentration < 5.0 mmol/l (8.0 g/dL) and simultaneous 
chronic heart disease and/or clinical symptoms on anaemia 
in circulatory stable patients with chronic heart disease or 
3) Haemoglobin concentration < 5.6 mmol/l (9.0 g/dL) and 
simultaneous acute coronary syndrome in ischaemic phase 
or life-threatening bleeding. Therefore, Following, there is in 
general no indication for RBC transfusion, when haemoglobin 
is above 5.6 mmol/l (9.0 g/dL).

Haemoglobin and Oxygen Delivery
In situations where oxygen delivery does not match with 

oxygen consumption, the compensatory mechanisms which 
get triggered are relatively simple (Figure 1), e.g. decrease in 
haemoglobin level result in a compensatory increase in either 
cardiac output (CO) or oxygen extraction or a combination. 
Furthermore, the relation is independent of the fact that 
CO changes with age [38] and that the ratio of CO to total 
blood volume changes from roughly 3:1 in small children 
to 2:3 or lower in the elderly cardiac patient. Besides the 
age differences the immediate postoperative period is 
characterized by significant differences (Figure 2).

A most valuable parameter in evaluating need for inotropic 
support or RBC transfusion is whether oxygen consumption 
is adequately covered by oxygen delivery. In general, oxygen 

         

Figure 2: Perioperative haemodynamic parameters demonstrating the differences between age groups and the changes over time in the 
immediate postoperative period (after weaning from ECC and the first 8 hours in ICU). Measurements are average before and after CPB 
and every following hour. Statistics: Repeated measurements analysis: Cardiac output, mean arterial pressure and SvO2 all P < 0.001.

delivery to the cells is higher than actual consumption. 
When oxygen consumption is high (i.e. during exercise) the 
increased oxygen requirement is usually provided by an 
increased cardiac output. However, low cardiac output, low 
haemoglobin concentration (anaemia) or low haemoglobin 
saturation may result in an inadequate oxygen delivery, 
unless a compensatory change occurs in one of the other 
factors. Alternatively, if oxygen delivery falls relative to 
oxygen consumption the tissues extract more oxygen from 
the haemoglobin, the saturation of mixed venous blood (SvO2) 
falls below 70% (“A-B” in Figure 3). A reduction below point 
‘C’ cannot be compensated by an increased oxygen extraction 
and results in anaerobic metabolism and lactic acidosis, and 
oxygen consumption becomes totally dependent on oxygen 
supply.

The relatively simple oxygen delivery algorithm dem-
onstrates that decision treatment can be substantially sup-
ported by measurement of oxygen parameters. In situations 
with marginal haemoglobin, low SvO2 and increasing lactate, 
the RBC transfusion may be avoided by administration of in-
otropes for a shorter period. The haemodynamic data from 
our institution demonstrate that the first hours in the postop-
erative period , where the patients normally are sedated, is 
dominated by lower cardiac outputs but in general a normal 
SvO2, while later in the awakening period the cardiac output 
are increasing adequately and SvO2 are marginally lower (Fig-
ure 2). In general, the oxygen balances seems adequate as 
more than 84% of the average SVO2 is higher than 60% (Table 
1). However, looking at individual patients 36% has average 
values below 60% for at least one measurement period indi-
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in the unlikely event that impaired oxygenation is present.
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Figure 3: Relation between oxygen delivery and oxygen delivery 
in different levels of oxygen extraction.

Table 1: Levels of perioperative mixed venous saturations 
(Figure 2) divided on fractions and lowest average measure-
ments for individual patients (SvO2).

Level% All values Lowest patient
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70.0-74.9 23.53% 12.3%
75.0-79.9 12.21% 3.4%
80.0+ 4.10% 0.5%

Table 2: Levels of 65,328 laboratory haemoglobin measure-
ments in cardiac surgery patients divided on sex together with 
preoperative and lowest values of individual patients (obtained 
2008 to 2015).

Hb Level 
mmol/L

All measurements Individual patients
Male Female Preoperative Lowest
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